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THIRTY YEARS OF THE USSR FERTILIZFR AND SULFURIC ACID INTDUSTRY

S. I. Volffkovich
A. M. Duvovitsekiy

The basic chemical industry of the USSR and its mightiest branch, the ferti-
' ; lizer industry, in particular, have made gigantic strides in the Stalin five-
: o year plans. In prerevolutiomary Russis there cxisted only a few small super=
- phosphate and sulfuric acid plants which for the most part used imported raw
materials. Nitrogen and potussium industries were nonexistent. The agricultoral
regions, with the exception of the west and partly the southwest, d4id not
use any mineral fertilizers, and the sverage amount of fertilizer per unit «f
cultivated area vas the lowest in Furope.

Concepts that the natural and historical conditioms of Russian agriculture
vere unioue, arnd that the use of mineral fortilizers was inadvisable, ware
vidswpread in the agranomic circles of those days. Experiments with fertilizers
carried out by Mendeleyev, Engelhardt, Timiryazev, and others at the end of the
19th and the deginning of the 20th centuries 3id not affect the. majority of the
peasants. (m the other hand; the agronomists knew very litile of, and were
not much interested iu, agrioultural chemistry; therefore, with a few oxcept’ ami,
they d1d not pvblicize the uss of mineral fortilizers.

Among Ruselan inrduatriaiiste, vhose knowledge of minersl fertilizers vas o ' S
limitod, the opinion wyas prevalent that the Russian phosphorites, except for S .
small deposita in the Podol'uk region, were of poor guality and vasuitedle
for chemical g¢onvercior ‘mve fertilizers. The opinion also prevailed that
thers were no potash deposite either in Russia or in other countries, except
in Germany. Fertilizers were studied only at iwo or thres universities.

- How far removed that time seems now, after 30 yearw, when our country

: bad discuversd immense Gspcsits of agricultural ores, cametructed tremendous ~
T Plants for the production of phosphorus, nitrogen, and potassium fer+ilizers,
8 trained thousandt of chemists, eng neers, and agromomists, who enthusiastically )
< developed the fertilizer induvotry and ite technical appi‘cation to o
socislistic agriculturc. A glgantic step has beea taken, and & tremendous )
amunt of canstructive and creative work has gone into 1t.
” -
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A comperiasnof ihe Incready 1o the’ v
industriee during the trree five.yzer pl ads to the same -~:r:lusiom.
The history of indust:ial:7atianand .echnical development of otasr <cuntrias
does r-t. show any such rapid prowir, with production capasitles imorsaning
tenfcl and over, and gigentic mines and fully developed chemical plants
aprrering in entirsly new regions, far from the center of the conntry, su-sn ‘ ol -
ae fhibiny, Sclikamsk, Western Siberia; Uzbekieten, and othere. G !

and forlen ferfuiilier e

Since the development of the national guructure hal been basnwd on &

plmmgg' 5Q<¥in115uic eccnomy, Bllience with its enslyses, generalizatilona.
and -rognoses had & declsive effect on the riogress of the fertiiizer induacry,
"¢ ‘gher Council of Natlonal Fronomy (VSNKn) creatgd the scientific anc
techn'cel division (NTO) vhich in 1918.19iQ fcunded the Scientific Inetitute

{ Fertiliz- - {NIU) ae cne of the first ssientifiz research institutes in

the country. In 1933 the Institute of Insectofungicides was combined with

the NIU, and the combined institute has heen given the name of Scientific
Institute of Fertilizers and Insectofungisides NIUIF).) This instituts was
essentially organized by the departments of the Public Committee on Fertilizers,
which had been founded in 1916-1917 and which included a number of agriculturiste,
geologists, chemists, and engineers. It way thus be aeserted that the NIUIF

is a contsmporary of the October Revouution.

The Instituts ¢F Fertilizers, 1ikeé the rarpcy "Institute and the Leningrad
Institute of Applled Chemistry, is the oldest and largest Iaatitute of learm-~
ing of the Soviet chemicel industry. Ths NIU hae been headed by the foremcs*.
ascisntists of the country, enthusisstic supporters of chemurgy in naticnal
economy, Ya. V. Semoylov {geologist), F. V. Brittks (chemical sngineer). and
D. N. Pryanishnikov (ezricultural chemist). The NIU was plenned and organtzsd :
as a ccmplex inatitute in which all problems relating to fartilizers, beginniag .
with the study of the rawv msterials and their technical treaiment, and e-diuw -
with the conditions for the efficient application of “ortilizers in agricul ure;
have been gtudied collectively from all angles, The istitute grew by leape «nd
bounds and soun there were a number of sections, bases, an sxperimental plant,
and experiment stationsa. Numeroue mining and geological survsys of agroncmic
nres have been carried out. The Institute hLas worked in cloee cccperatlon with
induatrial organizatione, and secientific and planning commiselcns. Tha NIU
has taken active part in the conatruction of large end modern enierprisee,
such as the Ehibinsk Apatite Combine, the Sclikamak Fotash Ccmbine. the
Voskresensk, Chernorechenek, and Aktyubinek fertilizer snterprises, and many
other mines and plants.

Ae the work of the NIU progressed, now inetitutes were organ::ed. wi'h
many members of the NIU transferring to them. These inciuded the S-ata
Institute of Nitrogen Industry (GIAP), All-Union Institute of Fert:livers,
Azrotechnology and Agricultural Soil Science (VIUAA), and State Inet!
of Minjsag-Chemical Re - Materials (GIGKhS). Masny plant research lebcratcri=c
whioh also contributed tc the development of the chemical technicue were
founded .

A8 scon as the Civil War {1920-1921) began tc sbate, two Mcscow schocla
of higher learning, tbs Institute of National Economy and the Moscow Tochr.fcal
Institute, organized departments for the study of minsra: fertilizera .ter
similar departmenis wure founded in other cities, such as Leningrad, Khar'kov.
Odesun, sad others.

The research organizations and universitiee mvniioned abaove carrisd 3t
such 8 trererdsus amount of work that it msy be rzated without exaggaratimn
that all the large and small aew davelopments, .d radisal imprcverenis in AR i »
methods of producing fertilizers and sulfuric ecid, wera based in the resul-z K e
0® their scisntific study. It is notevorthy +hast in ths first parlcd of EEEC .
mobilization of the ecientific forces fcr atiacking the prabiems -7 ’
fertilizers (1919-1923), the mejor efforts of the sci.ntisid vere ¢
towards letermining the azricultural efficiency of fertilizers and to proving
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thuir tremendous importance in the econemv of the Soviot apricultura T e
subsequent, yeers, pot and fleld teats with fertilizers in various regions and
with varicus crops made 1t possible to determine the required assortments of
fertil’ ers and the geographical distribution of the manufacturing plente

undér -il the five-year plans. Genlogica . research and surveys of phosphate
depraites increassd greatly in 1923-192k. Those relating to potash sslts began

in. 1925-1926, . .

Before 1926-1927,.the chemical enginsers were goncerhsd largely with
studiva of the conversion of numerous low-grade phosphorites to superphosphate
an¢ ‘oncen.rated fertilizers. Extensive constructicm of large plents and
©o.r ments on a large-plant ecale began in 1938 for the purpose of utilizing
{nivl:. apatites and Sclikamsk potash salts. Furthermore, erection of the
first Instellations for the fixation of atmospheric nitrogen, that ia. for
the production of synthetic ammomia and calcium cyanamide, began in that year.

large nitrogen, phosphate, and potassim combinec wore erected in the
: First and Second Five-Year Plans (1428-1932 and 1932-1937). Tre develicopment
Gt of the Stakhsrov movement among industrial end kclkhor workers, vhich:was
paxticularly marked from 193k to 19%6, played an important role in the
fulfiliment and surpassing of the Second Five-Year Plan, It slec had a
tremendous influence om the further growth of the fertilizer industry, on.
the increase of commsrciai crops, and on raleing the creative level of
industrisal vork.

In 1938, the 18th Conforence of VKP(b) proclaimed the Third Five-foar
Plsn, "the five-year plan of chemistry," and outlined the program for ths
construction of mineral fertilizer plants. The war with Germsn fasciam, whith
begen in 1941, not omly stopped comstruction but caused tremendous icases
in the nitrogen and phosphate industries located in the west and scuth of tka
country. The production of fertilizers decreased markedly during the war,

The new Five-Year Plen, 1946-1950, for the recovery and development of cur
national economy, provides not cnly for the recamstruction of fertilizer
plants destroyed or damaged during the war, but also for the erection of many
new nitrogen, phosphorus, and potassium plants, as well &8 for the development
of mines, to provide all the mineral fertilizers required for commercial crops
(cotton, long-fiber flax, hemp, beet sugar, rubber-bearing plants, tokacco,
tea, and citrus trees) and to increase the use of mineral fertilizers for
other crops, particularly vegetebles and potatoes (Lav on the Five-Year Plan for
Reconstruction and Development of the National Economy of the USSR 1946-1950).
With this in view, the lav provides ..r an increase in the production of
mineral fertilizers to guarantee by 1950 the production of twice as much
phospaate fertilizer, 1.8 times as much nitrogenous fertiliszer, and 1.3 times
as mich potassium fertilizer as produced befcre the war. Av tac same tima,
provision is made for the comstruction of large fertilizer wcrkes in line with
the Five-Year Plan,

The assnrtments of the varicus fertilizers, particularly of concentrated
and complex fertilirers, will be increased by applying nev and modern methols
of production. The Fifth Five-Ysar Flan also provides fo:: an incrsasc and
a further development of processaa for the production of sulfuric acid, walik
is closely velated to the growth of the superphosphate and cther fertilizer
industries,

Agrionltural Ores and Cther Typss of Raw Matericis

In the pest *0 years the Soviet govlogists discovered tiremendous
deposits of phosphoritee, samounting to 40 parcent of the world's resscvés
. ) of phodphatic raw materials. For this reason the Soviet Unicr ~eupies first
. Pluce with respect to warld deposite of »rosphntic rav materials. In pre-
revolutionary Russia, the majority of phosphorite deposits hed neither tesn
discovered nor surveyed. In 1913, the phosphate daposits, mors or lese kuown
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but nev thoroughly irmastipsad. were est mated at 20 tn 2% milldion *tong | and
mining averagsd 20,000 to 20,000 tons per year.

Geologlcal surveys made shortly before the revolution found that
Rursie possessed vsry largs deposits of phosphorite cres. However, thoese
wvere dietributed over a large area and contained relatlvely low amounts of
P505 in the presence of large amounts of A1205 and Fe 03.

Large-scale surveys to determine the resources of industrial p‘losphu‘itﬁﬁ
were started by the Soviet government. In thie tremendous undertaking, the
hon:-able rcle of guidance belonged to Ya. V. Samoylov {up te 1925) and to

.mbers of the NIU., All the geclogical surveys were carried out by that
InstiYute under the direction of Ya. V. Samoylov, A. D. Arkhangel'skiy, and
«. V. Emzakov, ti. P. Fiveg, I. M. Kuyman, B, M. Gimmel'fard, P. L. Bazrukev,
and cothers. The progrese made in the geological surveys of phosphoritse
deposite is 1llustrated by the following figures: the arsa studied coversd
more than 200,000 aguare kilometers and more than 250 surveying groups
rarticipated. As a result, the totel deposits of phosphate ores in the
USSR are at present estimated at several billion tons.

) Since the Soviets came into power many new deposits have been discovered
while others have been surveyed and put in operation. Thede include ths
Ydortevsk, Upper-Kema, ARktyubinsk, Saratov, Krolevete. and many .>ther denratta
of ‘pebble phosphorites. The reservées of phosphate ores in the USSR increeced
marksdly with: the discovery of extensive new deposits of apatite in the
Khibins and of blanket deposits of phosphorites, a new type for tne USSR, 1
the mountains of Kara-Tau (southern Kazakhstan).

.. The detailed study and the industrial exploitaticn f apatite ca the
Kola peninsule under the difficult geographic conditions of the Arctis waa
carried out by the directed, planned, and collective work of a great rumh:-
of geologists, mining engineers, chemists, technologists, construction
engineers, and othar experts. To foreign experts, the mastering of such a
glgantic deposit in such a shert time under the conditions of the uninhabited
Arctic area ves an astonishing accomplishment. Some of the foreign firms.
vho had tested apatite as a raw matorial for the production of superphosphate,
reported at the time that it was unsuitable for that purpose (as 18 known.
they later changed their opinion).

Th: <Joviet sxperts had showu that they were able to accomplish that

which the reépressntatives of the capitalist world d1d not think to be possidle.

Based on the surveys of mineralogica.and geclogisl :xpeditions of the Academy
of Sciences under the directiocn of A. E. Fersman, resesrch vork on a largs
tmle was instituted by the NIU on Xukisvumchorr Mwntain of the Khibins in
the srring of 1929. Thkis vork was carried cut coutinuously for > years
(1929-1932) under sxcoptianally difficult conditions of the mountairous Ntk
by & large staff (about 400) under the general guidance of M. P. siveg. The
area of the apatite deposits investigated by the Institute coverad about 20
kilometers. The first to be investigated in detail was the Kukisvumchorr-
Yuksporsk section which contained large deposits of rich speckled apatits
ores. A very largs mine was then prospected and exploited cn the basis

of the data obtained.

The distinctiv~s cuaracteristica of apatite as compare’ to vhosphcerite
{crystalline structurs, larger particl. size, a®aence of organi: impuritiss
and carbon diozide, presence of rare earths, etc.) required a treatment
(flotation) of the apatite-nsphelins crea ‘which differad from that used cn
orpancgenic phosphorites. The studies of the NIUIF anc Mekhancb:r prcmpted

*the oanstruction of a flotation plant for the geparaticn of apatite from

uspheline and other minerals. Flotation of apatite ores yielde a :cncantrats
containing ae much as 40 percant P, 205, which is thus the rickhest phcoephatic
rav material in the world. The f;.otaticm plant of trem~ndous capacity erccts=d

at the mine made possidble tho utilization of this raw mataria‘ for +she produ:tiexn
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of high-grade supsrpnosphate contalnisg .- w'iu percent 5P avai.abie F Coe R
and of phosphorus, phosphoric acid, concercrated fertilizsrs, aad many BaZtas, )
For many years now apatite has alsc been export~d to other scuntries. N T .-

L se discovery, by Soviet investigators, »f the tremendous blanket deposits

of vhosphorites in the mountaine of Kara-Tau {Dzhambul’sk district of the '
Kazakh SSR) was aleo an event of greamt importance. Beginning in 1936, with #
the geological material collected by I. I. Mashkar in 1935 in the basin of ths L
Eyr-Chabakta Fiver, the Kare-Tau range was thoroughly investigated by the
gsolcglste of the NIUIF under the direstimn of P. L. Bezrukov and D. X,
Giru -1'farb. Large-scale geological, hydrogeologicel, and topographical studies
t=3e. v2d in the discovery of & besin containing phosphorites which in

s quantlty and quality of the phcaphorita layers exceeds all other phosphorite
doposita of the USSR. With the discovery of thime deposite, the Soviet
Union acquired in Central Aisa a large phosphate base whish contains about
12 wercent of =27 +wn nhosphate reserves of the USSR, This depoel: stretchesn
along the Kara-Tau range in several parslicl’ atripe 120 kilometers long ex
from & fow t< 25 meters wide,

The P50. content in the phoaphate patches of the most theroughly investigatsd
district (Chglak-'l‘an) varies betwéen 14 and %0 percent and reaches 33 to 35
peréent in some sections. The ore also contains 1 to 12 percent €0y, 1.5

n O B mansant (A,‘.’f‘c)gc and €45 60 perssat lascluble residlv. The averags -
Pﬁg} contont (28 psccen 5 s about 14 times the average Fe 0. ccntent (2 percemt),
thud making the Kara-Tsu phosphorites sultable for chemical freatment.

The properties of the Kara-Tau phosphorites are better than any of the
other USSR phosphorites and inferior only to the Khidbin flotation apatite
concentrate. The min'ng and chemical combine of Kara-Tau has already staried
the explclitation of this deposit. Thus, a substantial base has bssn craeo?
in Emzakhstan for supplying Ligh-grade rav material to the new phesphate
Pertilizer plante of Central Asia and other adjucent regions.

Sovioet geologists and chemists have won ancther historical battle, the
discovery and exploitation of the largest potash salt deposits in the wcrld,
in the Solikamsk region of the northern Urals.

Yor many decades Germany held a monopoly, supplying all countries of ths
voarld with potash salts. Up to the early thirties of the present centary,
Stassfurt and Alsace potash salts reigned supreme in che world market, Only .
a fev scientists, basing their conjectures on physicochemical and @eochemical R
analyses, were convinced that the Solikamsk region contained large deposita .
of sylvinite and carnallite. Among these mcientists, N. S. Furnekov, Ya. V. ;
Samaylov, P. I. Preobrazhenakiy, and a number of collaborators were the pionsera
of the Soviet potash industry.

Experience confirmed the prognosis of the Soviet sclentists, and in
September 1925 a mining an? geological persy under *he dicecticn of P. I.
Precbrazhenskiy discovered, at the depth of 90 to 10C meters ip ths
Soiikemsk region, tremendous depcsita of high-grade potaeh salts. The
potash layers are located betwesn the foothills of the Urala and the Kama
River and cover an area of 7,000 sguare kilometers. The tcp stratum consistr . : )
of carnallites (KCl-MgC12~6HQO~) and the lower ot aylviuite (XKC1:NaCl). A B

The Academy of Sciences USSR, the Geological Commit“ee, the GIPKh,
> ) UNIKhIM, NIU, and others, lmmeaiately tcok part in the solutiocn of this o
o important and interest:ng probl m. Investlgations showed that the salts of s
the ypper Eama deposits contal. brueins,cesium, and rubidium, in addition to
chlarides of p~tassium, sodium, wnd magaesium The first potash shaft ia the
A USSR was sunk at the end of 1927. To overcome the difficulties and dangere
Sl involved, because of the soclubility of the salts, the method of cemsntati.n
'S vas used In cuitting the Cirst pit and that of deep freezing vas ueed In
{ cutting the second pit.
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A large induetrial. and cultural rcentor nas - been cr‘eate g1 LO€ mins quring

the five-year plsna. The mines and a large chemical concentrating plant work
continuously and at high capacities.

I1 addition to the large potash-salt deposite in the northern Urals,
there are nther potash-bearing regions, in the Carpathians, Urais (&mba region),
Central Asis, and others, which add to the tremendous potash reserves of the
Union, already several times greater then all the other world deposite.

As a result of the addition of the western Ukraine, the reserves of potash
Balts now include the depopits of the mastern Carpathians, which compriae two
targ  dlstricts, Kslushsko-Golynsk and Stebnikovsk,

In coptrast to the Soliimnmsk potash salts; the Carpathian salts consist
of agueous and anhydrous chlorides and —ulfates of potassium, asodium, caleium,
and magnesium (kainite-KUl-MgSOh-ﬁ O,Iag'aeinitmxgsoh-QMgSOb,polyhalito-
K,_ﬂSOh‘QC&SO)_;'D@SOh“QHQO, and others),

In 1932-19k1, surveys ai. Physico hemical analyses wers mads of the potash~
magneais deposits in the Caspian plain tetween the Volga, Ural, and Emba rivers 5
whish ‘had.been digcovered vhile drilling for pstroleum in the southern part of
the ancient Perm Sea. This large saltbearing region, rich in lakes and salt
dames 8. of trémendous Importance. Tte atudy wag begun under 4ho 2irsciicn o
¥., 8. Kurnekov.by . the Institute of General and Inorganic Chemistry and 1is
conflnued to this'day by I. N. LepeshXov, N. I. Buyalov, and others (I. N.
Lepeshkov, Potash Salt of Volga-Emba and the Carpathiany, 1946), The moet
"important of the deposits 1s that of Ozinkov which fs to the east of Saratov
and to the northwest of Ural‘sk, In ad “tion to chlorides, these deposits
contain sulfates, such as polyhalite anu cthers, which had not been detected
in the Solikamek deposits. The analytical and geochemical data collectea 80
far indicate that the salt deposits, including the potash selts, cover a very
large territory of Buropean USSR which had been inundated by the ancient Perm
8sa. Salts have been discovered in the Moscov, Ivanovsk, Yarcslav, Khar'kes,
and other regions.

The supply of sulfuric acid required for the production of phosphatis
and nitrogenous fertilizers is assured by the sources of raw materials
discovered by the scisntific research wvork carried out in the five-year piana,

The Soviet Union hes inexhaustible and varied sources of raw materials
for the production of sulfuric acid. These include mineral deposits, such
as ordinary, carbonaceous, and flctation pyrites, sulfur and gypsum, as well
as wastes from various branches of industry: coke, generstor, and other,
fgases containing hydrogen sulfide; waste gases from metallurgical furnaces and
fuel gases contasining sulfur dloxide; acil petroleum asphault; pickling
solutions, etc. As yst nmot 832 of the sources ars ngi]izog for the production
of sulfuric acid. _

Beford the revolutlion, pyrite was mported from Spain, Norway, and Greece.

Duriag t:v initial pericd of development of the Soviet sulfuric aci?
indnstry, the basic material for the productiion of suifuric ac1d was domsstis
iron pyrite which waa xined especially for this purpose. In recent yoarse +this
iron pyrite has besn replacesd tc a large extert by flotation Pyrite and partiy
by carbanacecus Fyrite, as well us by gases from metallurgiczal furnaces.
Flotation pyrite is obtained as a waste in the comcentration of poor ccppur-
suifide ore by flotation. The reserves of pyrite cccurring as gangue in
ccal are considerably greater than those of ordinary pyrite. Furthermore,
many few deposits of sulfur and sulfide ores have been surveyed in reg’:ms
which heretofcre had no raw materials for the nroduction of suifuric e3id
(for exampls, in Rurelim, in the Central Asia Republics, etc.).

-6 .
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Metailurgicel and flus gases fursill A Larg: amcunt of raw uatesie lc 2
for the production of ewlfuric acid, thus solving problems in connecticn with
the utilization of sulfur from the sanitary ané hygenic viewpoints. Importaszt

studlie~ have been carried out with a view towsrd concentrating the sulfur
dioxics coming from flue and metallurgical gases,

The NIUIF, UNIKhIM, VUGI, and other institutes have mastersd the zec!miq-.;e 4
of burning sulfur and varjous types of sulfides In the lsboratfiry snd in : ) :
pilot-geale installamtions. An investigation was nﬂde of the process of burnirg
in mechanical furnaces of -pyrrhotite and pyrite-pyrk-hotite ores, large
dspe 1tg of which have been found in the North and in other regions of the
cuis .oy, Comditions heve been inveatigated for the regemeration of sulfuric

- acid irom pickling eolutions in metallurgical and machine industries by

: removing the ferrous sulfate from these solutions and decomposing it.

Methods have besn developed for the deccemposition of acid petroleum aephalt
{waste in the refining of petroleum which comtaina 20 to SO persent Hésob) tn
eulfur dioxide and ccke breeze. ’

The atudiss carried out in the USSR make possible the utilization . e : v
: : of various “incs of raw msverials for the production of sulfuric acid. S

The reserves of rav materiale for the nitrogen industry, the largest
hranoh of the' Soviet chamical industry crested during the existence 22 the

Soviets; are no'less extenaive.

The country has tremendous resourcesa of various kinos of coal, coke,
peat, and netural and.industrial gases, which assure the development of the
nitrogen industry. The Soviet Union occuplea Becond place in the world in
roml reserves, an¢ most of these reserves were discover-i during ths psst-
revolutionary period.

The reserves of "white coal” are also tremendous. At present, the e
"large Volga™ is being developsd. The development of the tremendous . ST .,
energy resources of the Angara, Yenisey, and other rivere in Siberis and Centra: " =
) Asia will bé undertaken next, and this will expand the electrochemical
o production of hydrogen, the electrothermal manufacture of phcaphorue. ana
L oxkar industries.

The Soviet Union has orgunized a powerful coke chemical indusiry
which supplies coke and purified coke aas tc pitrogen fertiiizer plants
. and to plants engsgéd in basic organic syath ' vhich use hydrogen, methane,
. ethylene, and other conmponents. - Y

In the last 10 years, the large resources of natural ga:eu , Which
. ocontain 90 tc 99 percent methane and which constitute the raw meteria) fcr the i
production of hydrogen by cracking or by conversicn with steaw. have also St
acgquired grecv importance. Thenks to the development of hydroelectric f
porer, slsctrolytic nydrogen (frow water) is Seing vsed for the synthesis

e o ewmonia.

E Tt 13 then obvinua that the Soviet nitrogen indvstry has all tLs

. e A i fundamernts). surces of rev mate:rial for its successful Jsvelipmeant witi the
- 3 ' ure of sny metac’ic for tbe produ .- of hydrogen: bBy crmversiia of water
" gas, lov-temperature cooling of ¢.. . gas, elactrolysis of watsr, iran-

stean and oilor methods.

In recent yoars, boron-containing oures havs been added to the agrcnomical

cres. Domestic boron raw materials were unknown in prerevolutionary Russia; all
‘the requirements of the country ware covered by importe of boron minerals and
borm products from atromd. The import of these products practically ceassd

: in 1917. A small amcunt of borax (4 to 6 tona per year) was proti 7 Trlm

p domestic volcsnic mud of the¢ Kerch and Tawan ; sninsulas, The nontent U borey

’ in the mud did not exceed 0.5 psrcent and the total amount of Pp0, ¢14 nct excssd
one percent.

-7 -

.  SEiEr

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1



A . &

P B O S ) :

Sanitized Copy Apoeforels2 1/06/28 : CIA-RDP80-00809A000600221104-1 §
- ’l‘ - , . /5 - T T

SEGRET

In lyi: a geologloai parvy of the HIUIF surieyed lvnecus depeBils anihy’
Caucasus, that is, catolite {PCaC.Bp0x-8310,.H,0), conteining up to €,5 psersent
B20 . Boric acid has besn protuced from this relatively vser rav matsrial
at éb,e NIUIF expsrimental plant for 2 years. At the s'me time; ths auestim .
was ra sed of utilizing, as a source of rav borates, boron ailicate ores, ’
tourmalines, and tourmaline tallings obtained after the extraction of rars G
metals ‘from the complex tourmaline sulfide ores, large deposits of which ara ; P
available 4n the country, However, both datolites and tourmalines contain -~ 3
very small amounte of boron and require rather complex processes for their
treatment .

50X1-HUM

5

Ot ) ‘ne problem of finding snpplies cf raw borates was solved in 1934 by 4he e
B discovery of vorate depositu in the Ural-Emda region (TeNIGRI). At present, e e .

: this deposit supplies all the Soviet plants with boric acid. The basic borun A
sarriers in thie depesit are asberite, 2MgO:B,0z-H;0, and hydroboracite,
CaO-MgO-}Bg(‘x.éﬂge. The rapidly growing reguirements for boron products LI
demand further studies for the discovery of new, and the expansion of v
¥nown, boron deposits, as well as of the maximum utilization in industry
of. poor borstss (by prior concentraticn) and even of some of the water
found' in petroleum: drilling.

Hénce, the vast geological research and mining surveys, vith a view tc . A
aasi ik sultictont suppliss £ tho fortilizer- industry andor tas Soviod ©o e R
regime; resulted in the dlscovery of deposits of raw materials vhich

guarantee the production of all types of basic fertilizers In un’lmited quantitlzz.

Phosphorue Fertilizers

Basic methods for the conversion of phosphorus-containing ores t°
fertilizera, purtly realized in the USSR and partly earmarked for expl:itat!’::
‘a industry within the next years, may be divided aa follcws:

1. Grinding of phosphorites ror the production of pnosphorite meal;

2. Decompoeition of natural phosphates with H,SOy, Z;P0y, ENO;, and
HC1 for the production of superphoephate and ccmcen€ratod ;ertilizef's
(enviched and double superphosphate, ammophos, nitrophceka, and cthere);

i : : 3, Therman decomposition of phosphate by sintering or fusionm with
. : soda, lime, sodium sulfate, nagnesia and alkali eilicates, end cther
compounds for the production of sn-called thermophosphates;

L4, Thermel reduction of phosphates and volatilization of phosphorus with
subsequent couversion of the phosphorus to phosphoric acid and 1te sats;

5. Treatmeut of phosphates with steam or hydrocartons at hfgh temperaturss.
in which the flourine ie removed and the phoephats is transformed intc e form
. available to plants.

Each of these methodw places different reauiremonts upan the quality of the
rav materials. For example, the acid method, particulerly the production of
superphosphate, reguiret a material of a higher grade than that suitmble for
thermal methods.

The use of ground phoephorite as a fertilizer had the attention of Rustian
and fareigr investigaturs iu the 1870y and 18808, with Prof A. N. Fngel'gardt
as 1ts moet staunch defender. Eowever, the opinioms of the scientists and
practicioners differcd regarding the sfficiency of these fertilizers. Tho R
‘A. X. Lebedyantcev and his collatorators) studied this problem very thurdughly
fooa the very beginniag of he Tustitvie. Since the sffectiveness of £rraad L
phosphorite ¢spende tc a great extent upon the prope~ties cf the so01i, the . ' . .
main questions investigated dealt with the study of soliz in which tic tiae :
of grcwnd phospherite woulé be feasihle, and aiso of the forms of phosphutes
and the suitable grain size.

8 -
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Fot =nd Fi:id tests havs shown the- rround pnosphorite’ is ‘effective
not only intke zone of podecl 8olls, but over the entire nortkern Lalf of the .
chernczen regaun of Europsan USSR. In recent years the southern limit for the : W)
use of zround phosphorites has been moved still further scuth. It was found ‘
adviee 1o to use ground phosphorite in the subtropical red soil of Georgla .
and iz the saline soil of the left banit of the Volga which will be irrigated N ‘(é
and ameliorated. Tests over mADy years have shown that all cver the tremendous o
s region of atid soils in the USSR, neutral and alkall forms of rhosphates
ra ] ’(phoaphorite, thermophoaphate ,, basic phosphate slags) are preferable to 2 [
g water-apluble acid modifications (suparphosphate; ammophor, and othera). PO
Grourd phosphorite is most effective when introduced into fallow solls undar
< v.otoo orops., It ie effective not anly for grain crope, but also for such
fio | sroepe <8 flax, beets, hemp, potatoes, vegetables *em, tangsrines, ete, It
13 of Interest to note that, after phosphorite has been iniroduced into ths
: 8011, 1t has 'a continued favorable effect on all plants of & rotation and
» . evenv'm 8everal rotations. For example, in the experimental station of the
‘ NIVIF (podsol eoil), phosphorite introduced in 1923 was 8t1l] effective in
1943, that 1a, 20 years later, and on all the crops of a 6-field rotetion.
Anslcgous conditions were observed by mary other experimental stations in
various: sections of the country. A very important conclusion may then de
dzjgwné_ the effect produced by the introduction of phosphorite and ~uperphogphate
‘containing squal amounts of P.0 may be coneldsrsd 16 Le eeuivaient It
-vﬁq“fmmd ; hewaver  thad t::;fe. ToGl wam produced by sodiméntary phosphates
but not 'by volcanic phosphates (eryatalline apatite),

50X1-HUM

... ' The use.of ground. phosphorite in the USSR before Warld War IT was the
largest im the world. The increase in the production of ground phoaphorite
reQuires a rapid development of phosphorite deposits and the srection of
plants for the concentration and grinding of the ore.

Produotion of Superphoephate

During the past X0 years the production of superphosphate in the Soviet

Union underwent considerable changes botk with respect to quality and quantity,

The first supsrphosphates j~nduced in the years 1918 to 1922, vaing the

Just-discovered Vyatke and Yegor 'evsk rhosphorites, had very poor physical

properties. The product corn.ained only 10 to 12 percent available PQOZ which

reverted in storage; the moisture in tha product was as high as 18 to 20 percemt;

it oonsisted of pasty lumpy which were difficult to spread; many consumers
e rafusod to accept the superpLosphate and thero vere many conflicte between A
: plant menagement and consumevs. Gradually, by msans of prior com-antratiom g
of poor phoespherites and addition of bone meal, ine amount of avaiiable ' Lk
P.‘, in the superphosphate was increased to 14 rercent and ita physical
propexrties were improved.

In 1929 the KIUIF received the first samples cf a new phosphatic raw
material, Khibia apatite, and & nev era in the development of phcephates
8ot in. The new rav materisl waa thorcughly investigated by the Inctitute
from every possidle angle,

It was found that the physical and chemical properties of apatite cre
differed markedly from those of organogenic phosphorite. Laboratory
exporinents showed that 1t vas impoasible to produce superphcsphate frow
noaconcentrated Xribin cre iy the customary methode. Only fiotaticn Ehibin
apatite could be used for that purpose. After a large conentratica placz!
had been erected at the mine, all superphosphate plants begcan tc use flotasic:
apatite, and it soon moved to first Place as a basic rav macerial 1in the
production of superphosphate, The quelity of the superphosphate product
increased markedly. It should bs ncted that, in the trsstmen: or apatito,

a large amuunt of sulfuric acid is saved in conpariscn to the amcunt regquirad
in the conversion of phosphorites.

-9 -
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"In 1950 a few hoatioads of apatite ore wer? shipped abromd as an
experiment. Foreign plants, which had been umed to trea’ing rich @edimentar;: »\
phosphorites, did not st firet correctiy evaluata the apatites, and as a LI [
result the reports of the majority of the firms regarding the use of Knhibin N
apatit> were negative. One large chemical concern wrote: "These natural )
phogphates are eatirely unsuitable for the production of superphosphatse . ) d

- Auother foreign rirm reported: . "Both local and foreign plants have tested tho g

Mbmensk phosphate and come to the conclusion that this meterial is entirely R
unsuitable for the superphosphate induatry.” Only aftor it became kmowm that
all Soviet plents wers using apatiis rith great success, C{d ihe foreisn firms
«nd sxperts change their opinion.

“he unsatisfactory resnlts obtained sbroad in the production of superphce~
phéte from apatite are exrlained by the fact that the foreigners assumsd the R .
Ehibin apatite to be m phosphorite of organogenic origin, without studying it as it D
a special mineral of a different composition and e different striucturs. #

The incorrect amounte and concentrations of sulfuric acid, the ‘nadequate RN
@rinding of the apatite, and the nepheline and other minerals present in it, :
gave a lov-grads product of unsatisfactory physical propertiss. Only after the
nembers of the Inatitute carried out model experiments in a number of countriee,
% and in various pients and lsboratories , ¥88 the production of &uperphosphate
e e " ifow apatite recognized vo be possible. The introducticn of Khibin mpatite
. ﬁlto't.h'o' fortilizer industry was carried out by the NIU and by various plante
¥ith tke collaboration uf L. E. Berlin, A. I. Shereshevskiy, A. A, Sokolovekiy,
L. B. Grinshpan; N. N. Postnikov, and others, under the general direction of
S. I. Vol'tkovich, .

During the five-year plans the production of superrhosphate continued
to increase. T+ Stakhanovite iovement which reached the superphosphats
plante in 1935-1936 iremendously increased the proSuctivity. At that time
it had been considered necessary to keep superphcaphate in storage for at
least 30 days, but the dimensions of the plant warehouses prevented an
increase in production. Eniargrment of the existing atorage space, however
would have regyuired considerab.s capital expenditure. This difficvlty was
solved by the NIUIF scientists .nd by the plant workers, They carried out a
i . numbor of measures which permitted curtailing the storage of superphosphate to
- . one half or ome third of the time, with simultansous improvement of the
) properties of the superphosphate. The most importent of thee measures. .ore:
the use of larger amounts of sulfuric acid (70-72 parts per 100 parts of « o
apatite by weight) with subsequent nuutralization of the excess acidity i M
by adding emall amounts of readily decompogable. phosphates tc the superphssphate '
sent {o atorage; prior treatment of the superphosphate in storagoe. that 1ia,
loosening or dispersion of the superpbosphate when dumped into atorage,
and ‘shoveling during storage, ir order to dry and to accalerate the suring
of the phosphates; finally, more accurate proportioning of the reagenta. Ae
o & result, the properties of the surerphosphate imprcved, the amount of
v available 1’205 increasing from 18.7 to 19.5 percent.
In ccunection with the éizc~vary of vast phosphorite deposite in the
- Eara-Tau Mwntaina, A. I. Shereshevakiy determined in his experimente at
the NIUIF taat this phosphorite was suitable for the production of super-
phosphate. It was found advisable tc use concentrated phosphorite. The
method of cancentration ie at present being workec out at the GIGEnS.. A
large numbsr of superphos;uate p’-nte which wiil use Kara-Tau phosphorives
will be castructed in Central Asia within the next few years.

¥ymerous investigations at the NIUIF of the decomposition kinstics of
phosphate minerals by acids and the parsicochemical analyses inthe fieid of
. gulfuric acid treatment of phusphates have brought a graat deal of clariiv
AN ) intc the production of superphoapbates. These studies were the firsi to chow
: that after £ 1/2 houre o* curing, as woll as on further stcrage, anhydrcue
caloium sulfatc and not gypsum, as had been assumed both in the USSR and
abrond, is \he sulfate portion of superphosphate.

.5l . . E N

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-0009A000600221 104-1 :



: ! .

roved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1 K
~ - ) , "/t - W ‘1.

50X1-HUM

. SECRET

It was found that s correct operaticn of the process reaui’rei‘; sentinuous
3 ’ feeding and rapid stirring of the reactants. Continuocus feeding {8 partirnlariy :
: necessary, when concentrated. sulfuric acid 1s ueed 4o permit mivimg 1o tke srefonts : 1N
of lar7s amounts of phosphoric acid. Higher homogene:ty of the superphosphaie,
more - :mplete elimination’ of the fluorine, and replacemsnt of heavy physical
labor by less heavy labor at the most dangerous locations, are then assured.

Of great importance is a mesthod of continuous production of superphosphate

in which not only the feeding is ccatiauous but chamhegs with continuous cherging ; .
of the rav materisl and continuous discharge of the superphcosphate are ueed. | ER '
Thég method will permit further acceleration of the process, improvement of : o

= < rking conditions, and a decreazse in the cost of production. E. K. Lopacha,
N. K. #irshtenberg, E. N. Zhuchkov, A. A, Sokolovskiy, end E. N. Gingburg.

aaong other investigators worked on the development ¢f the process for tha
continuous production of superphosphate.

. Some plants will use the so-cn”led "ammonization® ¢f superphosphata,

that ie, saturation of the superpkoSphat: with smronia or ammcniates

(amsonium nitrate, urea, etc.) 1In this process, the smmonls rescts with “ae

free phosphiaric acid and monocalclum phosphate, present in tho supsrphcsphats,

and :forms ‘ammonium and calcium phosphates. The nitrogen content of the preduct AR

ovtained im ths tremtment wiih emmeonie is sz high as 3 percent. - Ammomiated = : R AR |

superphogphate has excellent physical properties.

. N

In tke beginning, the Soviet superphosphate plants did not 1tilize ths
fluorine gasss liherated during production. At the end of the First Five-Year
Plan, only three plante had installations fcr the absorption of fluorine gas,
and the recovery of sodium fluosilicate did not exceed 2 kilograms per ton of
superphosphate. However, by 1936-1937 all superphosphate plants were squippsd
with installations for the recovery of fluorine, and at the end of 1937
the recovery of sodium fluosilicate in some plants was as high as 3.5 o
4 kilograms per ton of superphosphate; in some plante 1t was even higher
(as & z)‘enult of studies by the RIUIF and various plants; I. I. Zaring ameng
others).

The improvements m the absorption installations increased the cceffi:isat
: . ) of absorptiam of fluorine gas ‘o between 95 and 96 percent. The recovery
B ‘ of sodium fiuosilicate then also increased.

Methods for the production of concentrated fertilizers, such as ammcphcs,
dicalcium phosphate precipitate, doudble superphosphate, etc., have been
devised and verified in plant operation. This is of great importance tc B
the Union with Ite unlimite3d expanse and large tramnsportation network. 3

In .ddition to tne NIUIF, the members of Giprokhim and cf many plante.
including F. T. Golovanev, I. I. Karztaev, D. L. Tayrlin, P. F. Derevitakiy,
S, E. Uss, V. S, Demin, and A, I. Senger, +ocx part In the development of
the production of superphosphates and concentrated fertilizers,

Production of Phospboric Acid

It 18 kaown that phosphoric acid is an intermediate product in ¢he
producticn of cuncentrated phosphorve fertilizers. The NIU deviaed a
method which has slreéady been carried out in ssveral planta: the phosphate ie
first dissolved in circulating phosphoric acid; later or simltaneously,
the calcium ilon is precipitated with sulfuric acid; the precipitate formed.
the so-called "phosphogypsum,” is separated frow the phosphoric acid solutixm
in vacuwa Tilters.

- 31 -
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Mimerous ‘investigations have ueen made of the physicochemical A1de of ‘ ) S

the procesre~ for the treatment of natural phosphates with sulfuric, nitric,
and hyirockleric acids.. The eguilibria of tr  quatrnary eystems

Ca0~Py05-505-E,0 Ty .
Ca0-250 - 05-580
Ca0-P05- @1-32 : : S -
have bsen investigatsd {A. Belopol'skiy, A. Taperova, S. Shpunt, M. Shul'gina, R
and M. SerobrenniXkcva).

1
of particular interest is the first of these systems whick g involved

in the production of superphosphate, phespMoric acid, double superphosphate,
dicalcium phosphate precipitste, etc. THe existence limite for the stable

. “and metastable solid phases, which are in equilibrium with the solutions of

© the given system at various temperatures and concentrations of phosphoric
acld, have been determined. Particularly important to practical expiitazim
wds the detalled study of the calcium sulfate modifications which precipitate
from sclutions under different conditions. It wee found that under the
conditions, at which superphosphate and phoaphoric scid are prodvced, the e
first phage to precipitate is always the metastable hemihydrsts, CaSO-1/2 St N
8,0, Al & corresponding Temperature'and phosphoric acid concentrstion it e e T
Iater pasmes into the 8tabdbls salt, Depending upon the locatione of the
sodubility curves of anhydrite, CaS0y, tue hemihydrate, CaSOy .1/ >0, and
gypsum, CaSQy.PH,0, this comversiom proceeds in different ways end et varylizg
rates.

e In addition to the physicochemical analysis of the solubility of the system
- AR Ca0~P,05-803-H,0,an investigation was made of the kinetica of mutusl conversiom
- DA of the various forms of calcium sulfate in the presence of phosphoric acid,

The polythsrmal diagram of the “isochronism" of the latent period of con.ers'an
vas obtained as a result. This diagram was the theoretical fourdation for
the derivation of many new methods for the production of concentrated phosphoris
acid apd saperphosphate of high P205 concentrations. The rates of ¢rystallization
of monocalcium phosphate from supersaturated solutions of the system r:ao-qu,-Ho.E
wvere investigated. 7

The solubility curve of the dicalcium pkosphate,CaEPO “.2&0, metastable &+

40 degrees centigrade, was investigated within the limit. of the same aystem
(M. L. Chepelevotmkiy wnd otters). A number of spscific inhibitors of the
transition of CaHPO; .2H,C to tne¢ anhydrous salt was found on the basis of
general concepts regarding the factors which influence the kinetics of
orystallockamical conversions. Ia particular, the irom jon which improves
the filterahility of the precipitate is cuch an inhidbitor. I+ iy kmown

o that phospheXes of trivalent metals, particularly iron, play & negative part

L : : in the acid treatment of phcaphates. The systems FepO--P,0--EzO, Aly05-

: Pa0) . -E.0, and !‘egg- 0s-80 -H,0 vere investigated in this connection

(.”5. Brutskus %bera)f ese studies determined the ilimiting ratic of
iron oxide and phosphorus anhydride in the ore, bsyond vhich rapid crystallizaize R -
of reroh-axeo sets in and interferev with {he treatment of these ores. L e

In a number of studies dealing with the physicochemical analysis of salit P : EET .
‘hnd acid-salt systems, the time of reaction vas assumed to be an equivalent . [ '
coordinate In the compositimm-property diagram of the sysi=u. The sgquilibrimm
relations and kinetica have thus been correlated, and thie ie of great imporian:«
to industrial exploitation. Inasmuch as crystallization ie the deminating

. process in the production of fertilizer salts, an investigaticn vas made of

“ the factors which influence the uablt and the aize of the crystals (A. V.
Kagakov, M. L. Chepelevetekiy, and others). It wes fovnd that, depending
upon the excess of on2 or the other camponent 1n the crys<al lattice, as weli
as upon temperature, acidity of the medium, and presence of foreign cetions,
Zypsum orystals of warious shapes and dimensions are obtained. Tte optitmum R ik :
conGitions for the production of crystals of the lsometric form, which are G E T
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most readily Separsted from the 11quid phaée; vere determined. An Investiga.
tion was also made of the effect of impurities on habit and the Jormation of 5
druses in the precipitation of dicalcium prosphate, calcium carbonate, and BERERE e
othe- salts., s

The production of macrocrystalline calcium eulfate precipitates, which : y
are readily filtered and washéd, from the mother Iiguor (phosghc,ic actd : '
solution), has been perfected., Tr .aeparation of phases was investigatsd in
varions apparatuses: rotating drum filters, band vacuum filters , and by
contimous decantation and counteréuirent washing in thickeners.

&n cptimm method of production was deviesd on the basis of the rumercus
luvostigaticne, and increases in the concentration of phosphori¢ acid and
decresses in the amount of. impurities, suckh as Fe, Al, 803, F, and 81, were kA
obtained (S, Vol'fkovich, A. Sokolovskiy, S. Voskresentkiy, R. Remsn, I. RS
Gofwan, M. Kobrin, ¥N. Eryuchkov, A, Ionass, and many others). -

. Experisnce has shovn that the best raw materisl fer the production of
phosphoric acid by, extraction ig apatite flotation concentrate, It was found e e L
in. laboratory experiménte that phosphoric acid mey be extracted fram ground LA
‘phosphorite of ‘the Chulak-Tau deposits, Aktyubingk, Vyatia, Trukhschev, and AR
soms othsi® flolation concentrates wers also found to be sulteble for the Pro-. .
) dudvidu Wl pnospioric agid. ‘he properties and compositions of phosgphor ic
Lel 0 ecid prepared’ from various phosphetic raw materials are iisted in Table 1.

Table 1. Composttion of Fhosphoric Acid Prepared from Various Types
of Phosphatic Raw Materials*

' 503,100 Fe203, 400

Material P2y 803 Foo03  Alp03 _F ﬁ‘i 205
Khibin flotation . o

apatite 22.26 1-2 0.,6-1.1 0.3-0.9 1.3-1.¢ 4.7 2.4
Yegor 'evek flo-

tation phos- No Ne

phorite 22.25 2,5-3,8 2.3-2.8 data data  11-15 9-12
Vyatka waghed

phosphorite 19-22 45,5 2-3.5  1-1.2 0.9-1 21.26 917
Vyatika fotation

phosphorits 22-25 2-3 1.6-2.1 0.7-0,8  0.9-1,1 9-12 7.2

*Data from A, I, Shereshevekiy, "Production of Phosphorus Fertilizers,” Ee-
sults of Studies for the Years 1939-1Gil, NIUTF, Goekhimizdat, 1946,

. thosphorites contaiuing large mmounts of R203 aro unsuitable, unle:zs they
are highly concentrated by calcination, flctation, etc.

In the production of phosphoric acid by extraction, 1.4 to 1,€ tong of
waste (phosphogypsws) is obtained per ton of phosphats treaed, The NIUIF
(R. Simanovekaya) devigsed mettods for the cenveraion of phosphogypsum tc cor.-

° struction materials of the type of plaster and mcldi:s gypeum, arhydrit- ce.
rent, eto, Teats of these materials by coastruction organizations gave nntiveiy
satisfactory results. Another vay of utilizing gMosphegypeum, by treatment with

i eamonia and carbon dioxide {cr ammoniwm carbonate) for the producticn of azmoniuz
‘eulfate, vas irveutigated at the NIUIF in 1928-1954 by S, Vol'fkovish, V.
Kamzolkin, A, Sckolcvekiy, S. Perel'man, ard others.
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3 20 percent T oip literatad into fhe g
. und¢cempesel in the OV PSUm, -
3 tanc  to the further tre: tool the =00,
trad ced into industry = m: d for the remeval “rom
77 %o 90 percent of the Tluvine present in the raw &
tased op the relatively Lev znludility of the alkeli salng ~f hydrofiuosi)? 2
ecid in the presence of alkaii fons in cho vhoaphoris soid rl temraran,
low U0 degrres centlgrads, Salts of Re, X, or Ba are inirodused .nto a
cal phospacric acid zsiution containing ExSiFg na enlorides, suifatss, uitrates, :
~r ‘wonatses, phosphatee, sic, i
Tho NIUIF also Investigated the v omoval of rare earths in rhe [P SRS PRT
of riesphoric ec:d from apatite concentrars containing ) porcent rave esv-is,
) 5 Soviet plants the roncentration of plocpioris acid sbtainei Ly e
traction doss not exceed 20 to 25 percent 205, The concertinsion i3 ino FRs- Cot #
ciert for thr use ¢f the acid in ihe producticn of concertratai fertilizer 3,
| guch &g double superphosphate, smophos, etc. Methids and conditions wers
tuerefors investigrted for the evepcration of thospheris acid *o a concentra.
tion of 35 tc 50 percent PpO;. X I
The Iahoratorias.of ihe Instituts cwudled the socits aad -
tions of the redidues accumilated in tho evaporation of phosphoris asid 7row
¥ar'ious types of raw materials, the heats of evaporation of water from plics.
phoric acid solutions, the viscosity of the golutions, &xd many other poper -
ties, Vacuum evaporators with natural and forced circulatlons fNIUTF Tosign ),
evaporators heated with fuel gas, and others were tested on a pllat-plant scale.
The conditions for the utilization of fluorine liber«tei in the 3VADOT 8 =
tion of phosphoric acid (I. L. Gofman and others), the corrosiun o7 -o'niz ~uy-
ing evaporation, etc., were also investigated. In recent years ihe LKIJL ..1s
been studying processes for the direct production of highly concentrated phoa.
phoric acid (40-50 percent PoOs), without evaporation, from aps!'is oo~
and from Eara-Teu phospherites™ (S, K. Voskresenskiy, S, K, Milnvarncye)
factory resulis were obtained with apatite concentrat=s, Coné’:f:aa bLaw.. Lrer
investigated for the formation of crystala of ths Leminyd-ate ard snhydrous
calefum sulfate, whick approach t.c aplerical form and whick -an be readily M1
tered and waghed.
Concentrated Fertilizers
Many years of labora‘ory study, later veri®fed ir plant operattior, Yo s
been devoted tc the production af concentrated fertiiizers, toghould o e
to mention that the studies for the production of cre of the mest widely uoed
concentrated fertilizers, double superphosphate (product of decompez:li. of : ;
natural phosphete with phosphoric ecid ), ware carrled out wi<l na‘iral phoa- : R i
¥ phates from al) the Jmown Soviet deposite. he studies Jrcluded melhods ue s : RN
- phosgheric acid of varivus concentrations {extractel, cvapur ated, tlermall,
A ammonization of the product, et:. (S. Vaskresenchiy, T, Hilcvanows, I, lene
. L. Berlin, and otlers),
Three basic methods were ciecked in pimnt oparaticr: (3} a muticd ..
ogous to the p.-oduction of ord!nmry superpicsphate With subsestent dying of
the double superrhosphate; *(2) drying of the saperphozprate sluwrry i~ tary
drum for the production of a granulated proin:t by gripding, screening, aol -
return of the fines to the cysle; (3l amekhod .r whish *7.e phz.nta‘e 64 “ie :
™~ prasphoris acid are nixed for & prolonged period of 4 ime in A herizout:l nirey L
{iog.washer type) with e cenvever tel! irgtead of a _verv o, SRR &
Experimental astudise have sher that, for he oo Lom o of o S super re
phosphete froaw lewegrade phosphori® s, 14 ia advissbis - use 7° e )
- -1k . .
R &
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s The cowpesiiion of duubié Super Subspbale cbtaiped fruw weridus fypes of ‘
A

nly
rav materials is given ‘n Table 2,
Teble 2. Composition of Doulic Supcrrhosphaie Prepared Tyom
Varioug Types ¢f Raw lateria:*

05
1’20? Po0s watér 205 Fe03
Material Tota! AvaileBility Solubility  Rves HoC Pos,

[er=ay
:

Fhosphoric acid fram
“lotation apatite;
~omposes Vyatka .~
:..osphey tte REIR S Ut 19 11 39.5-k0.3 s.¢c 8 SR

Phoaphoric ecid from
" 50% epatite plus
Lod washed Vyatke
. phogphorite; de-
v ‘ . ‘composes washed
Vyetka phosphorite 15,7 ik, 6 38,4 5,0 B8 7.8

‘Vyatka flotstion phoss o h
therita  tn hoth - - R ’ ‘ R
atages .of the proc- \
dEs k1.0 40,0 36,1 3,3.3.5 © Te

" Khibin flotation apa-
tite, in both S
etages of the proc-

a | £ 08 &

*Data fram article hy A. I, Shereshevskiy cited above.

A method for preparation of another concentrated fertiliz er, amcphcs, VAs
worked cut by Soviet experts and used in ircueiry before World War II. A
mophos is prapared by saturating phosphoric acid with emmonia; 1t consists eg-
sentially of monocammonium and diammonium phosphate ani amall amcunts of cther
salts, It has excellent physical properties and is very effective in mgri ui.
ture. In the production of emmophos from extractsd vhosphoric acii by the
optimm method, the phoaphoric acid s avaporated o & concentration of 35 ic
e 40 percent F205; the evaporated scid is saturated with armonia gas or liquid
ammoniia; the product obtained is dried, ground, and screened, and the finsly
ground exmophos ie returned to the dryer. The conversion of low-grads phog.
phorites of primary concentration meets with operating diff:cultiec, The
quality of the finished product is inferior to thet rrepared fru fletstion
x concentrates or miztures ¢f these concentrates with pheaphorites of mrimsry
i ooncentraticn, Amnophos containa 12 to 20 percent it and kS te 5% perceni Fpls.

¢ Many physicochemical investigations were made o2 ths equilibrium aystema
of P205-SOA-NH3-H30 (L. Berlin, 3. Mantsev, sud others’ 1n addiiien to studios
covering ti’:e industrial production of ammophos (S. Vol'fkovich, V. Kamzolkir,
R. Remen, S. Voskresenskiy, N. Kryuchkev, G. Strongin, and others).

The chemistry and techrnology of thLe concentratad fertilizer, dicalcium
phosphate precipitate /product of nsutialization of phosphoric acid with lime
‘ or limesctone), were investigated thorough’y. The stuafes ircluled the qusntl.
¥ ¢ tative ratios of the reactants, the rate of reaction o phosphoric acid with
: lime or limestone, the temperatures required for precipitatien and drying, ani
the condstions for the crystallization of dicalctium phespua'e, ite filtration, SRS , .
ohage sonversicn, and dehydretion during drying, etc, [E. Bri* eks, 3, Dragurcv,
A. Sokolovskiy, M. Kobrin, M, Chepelevetckiy, and others). In 1r "uptry dlcats sum
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phosphinte preclpitele o cliasned by woor uaensof apnosierand phesphionite witl'”
: sulfuric acid. Vhen apatilz concenirete is wscd Yoo Line treatment with lime,
e : with precipitation of the fluorine from the acid, “he produc! ccntaims 38.5
per:ent total and 37 percent citrate-sclubic P205. The preoduct obtaines from
A%y bingk phcapherite and limestone, withcur prealpitaflou of the flucrine
frcq the goluticn, contains 32, L percent total anl 34.% percent sitrate-solu- y
tle Pp0s. : o

In recent yeers NIJIF (I, Gofman, A. Sokolovskly) dsvised new methods for
the production of dicalcium phosphate precipitaie’ti o otricslcium prosphate for
ui~ &8 e feed gupplement; these products do net contain any harmful <omporents
. worine, arsenic, etc,} ani are of great importance inm the raising cf iMvaa
etork.

As is known, the national economy requires technical and pure phespheric
acid galts in addition to phosphorus fertilizere. A larpge amcunt of experi!
mental and: plant-operation data hae been accugsulated cr the productizs of many
phorphates: disodium and trisodium rhosphates, nexametaphosphates, mangareac
phosphates, pure ortho-, pyro-, and metaphosphates of calcium, sodium, amoe.
afum, and aluminim, melamine phosphates, etc,

o nartioylar importance to the Suviet industry ara the methcde Aavipsd. R -  ', L .
hv +h 'WT!TT\’-‘ Lo the nitniec acid 'mvav—=1nﬁ of natyural v\hrmn'h mtasy to ﬁhr_\g... N S |

phca'us and’ nitrogen fortilizers. The characteristic featuze of this process

is' the abpence of waste and the double action of the nitric agid: the acid AN R
decomposes: phosphate and becames a constituent of the final preduct, the nt. '
trate fertilizer, This 1s its advantage in comparison with sulfuric and hydr:-

chloric acid treatment of phosphates,

D, N. Pryanishnikov first proposed the use of nitric 2-id ir 're deztapc.
sition of phosphates in 1508, but the process wes not introduced in‘c ‘ndna‘ry
vntil 1925-1926 after thorough studies and after the synthesis of amnciia he?
been mastered.

0f the many varfations poseidle in 2 process ztarting with the decompc
ﬁion of phosphates w.th nitric acid, devised at the NIUIF, two method: de-
gerve attention: (1) production of dicalcium phosphate precipitate and cal-
cium ritrate by neutralizing the phosphoric acid mixed with calcium nitrate
by means of lime or limestone; the product obteinsd contains as much as LF
percent availadle PoOs; (2) production of ammonium nitrate and ammonium pric:
phate by removing the ocalcium from the mixture cf phosghoric acid and calc ium
nitrate with ammonium sulfate, and subsequent neutralization with awmonia and
regeneration of the phosphogypsum and ammonium carbonate or ammonia and carbdac c
dioxide (S, Vol'fkovich, A, Dolyak, A. Loginova, and cthers). ]

N - In recent years, the NIUIF has veer 1m-.stigetlag motheds for simplifying
: the direct produciion of nitrogen-phostilnrus-potassism fertilizers, the compo. T
S : sition and properties of which would meet the roouire-menta »f agriculturm . ¥ .

Of major interes? to the Soviet Unicn is a method in which a par’ of ihe N S .
calcium nitrate, 40 to 60 percent of the smount present in solution, is -e- R
moved from the nitric acid extract by moderate cocling to atoul 10 degr--r

centigrade, Az a result of the removal cf thes calcium nitrate, the PpGeiCa’ ~rt I B
in asolutiorn increases apprcximately twofold, After remcval ol the caicluw S 1T ;
nitrate the solution i3 neutralized with ammonia in ivc < three atages. Tue

result is a nitrogen-phosphorus fertilizer cq:npoaad egsenvially of CaHIO,,
NH,NOy, emall amounte of (NH)oHPO and 2Ca{0a),, and of Ca05 impuriviea.

If B0l is added to the product o thy firs* atepzbefcre d:-yi:g, a tripie ferti-
lizer of the type of nitrophwska is ottained instead of a dcuble fertilizer.

The method for the treatmeont of natural phosphatesg wiih hydrothlovic s:il

deviged at the NIUIF, chiefly for the treatriont of Khibir apatite and Vya®ia - v 5%,
% phosphorite, is feasible only when cheap wncte hydrochloric 2:id iz svailable, ; g 3
- 16 - '
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.. &t the NIUIF, They are particularly suitable for reglons vhorc Cheap elestrys
" power ‘is availabls.
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I+ is tmpossible withis ths coops of this paper b2 2iscuss the verious viher

1

interosting studies relating to the zcaversion of low-grade ferrugincus yh(‘BDhOI v . :
ites to salts and fertilizers. Ihumerous invs Hgat*orﬂ were male by *he NIUTF - SEULET T

calc!:atlen, chlerination, and so-called 1" decempeeition of phosphor!: °3,
and :! the irtroduction of varicus salts to u:cresse the oxijes of I» on, aluminue,
€24, in the solution,

Thermal Conversicn of Phosphates

Generally, thermal methods for ths converslon of phosphates ars baczed on
. reduction of phospuates witr carbon at 3,300 to 1,400 degrees cent igrade, e
@nd nigher, according to the aquation: T T

Ca3P208+ 5C 4 nSi0p = }‘205 + 3C20+nSi05 +5C0
Thermal methods are used both in the Soviet Unicn ard férsign zountiries.

Studied of paosphorus volatilization were undertaker in thr USSR a‘ the initis-
tive of E. Britske and have been carried out for many years under his ddrection

.Expermants on the elsctrothermal volatiljzatlon of phosphorus from nhos.
phorites were Initlated in the USSR by S. I. Vol'fkevich and E. T. Zhulkowaily
In 19211922, ‘The data derived by them were used for the construction ¢ ihs
first electric furnaces,

The rapid electrificatiocn of the country heightened the Intarest ir ‘i
electrothermal volatilization of phosphorus with its subsequenl sonversi-
oo'mentrntod fertilizers,

The scientific work aud industrial -exploitation were carried ~ut by mem.
bers of the NIUIF and plart techniclans., In addition, N. N. Posinikev {(NTUIF],
B. K. Kimov, B. Rakovehchik, T. Shikhutskiy, N. P. Fedct'ev, and sihers of '«
GIPEh, together with M, D, Senilov, H. K. Zna.menskiy, A, W. Shubnikew, «, L,
Vilrsov, I. I. Orlov, E, I. Uflyand, and c‘her smployees of phosphor ;f plaris
contributed to the study and exploitetion of the eclectrothermal process.

As & result of these studies, tiree-phase electric fuwrmaces for the ~cin
1ization of phoephorus ware installed in ssversl plante with a view to tesiing
phosphates from different deposits.

The method for blast-furnace voletilization of phos thoras, prepaged ard
developed by E. V. Britske, was tested ir pilot-plant opera‘icn, but hac net 2
been worked indusirially, chiefly because of the high comsunption of coke o
Nevertheless, in 1041, due to the c¢ritlcal demani for phosphorus, ‘ie Lmn- B
Turnace method was operated in peveral plants, although th- y121d of thoorntores
vas lov, Extensive series cf theoretical and experimental studiee in *7ia fis'6 L
vere carried out by N, E., Pestov, A, I. Shereshevoaly, Ao Mo Male'y, M, N, . e ’
Bolotin, and other collaborators of E, Britske, Later, T. 2, DRozeaima,ts . -v. : e ‘
tributed several studies and calculationz,

Invostigetione were carried cut relating te tie conlensavion «f phcophcis
froam phosphcrus-containing gas, determinstion of t;w vigoodity and denstty of
molten phosphrrus, oxidation of phrsphoruz, and ale~iriicn ¢f the phougror!
acid mist. These studies contributed metheds for ih= 1 tr sl product
thermal phosphoric acid cortaining 2s high 28 85 pev-n oy in epeegrer mic
iwe-step operationa,

Methods Jcr the purification of cermercinl, *l«
vised on the Tzsle of the atudies cavrizd wi ai *he .
clhers), led io the orgsnizailen of <n Induetry fe:
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ghemically iwe Snoepnor o wcld " Slal s ik e Inwanhleabite U L
conversion of nhospmtr,, shy IIUTR (G cthers) studiel s
by-pra>iacks and washes oFf this n*or-acticm, Y2t i, Terzophosphorus; slig, @nd
dust. The metho? for tha trsaiment of farrurl caphorus by fusicn with Lo
and. 1 .4, proposed and developed by A. K. Malsus, la of interest, The D sphc-r'.:a

in %wls process is cxidized ty the "wgen of the ora ani, combining wi-h tue :
limd, forms czlolum phosphete of the tyTs of Thomae slag, Simultanecuslra =idl- P
grade gtoel sf She typs »f "Armcr" 4r otteined. The slag conbtalne ahout 20 :
pn_ sent Fole, 27 pereant of whish ie sliress-soluble, Ths gitool sont

RSN

heaphc“ua.
S . zwesp of TIUIF mombers (N. W. Pestalkor, I. S, Rozenkrante, B, I. Ievri,
oni tiors) 3erinnt mathede for the soxplete purification of sages Lirarate? in

alestric volati Limation and containing in eddition to carbem, heomf! impuritice,
such &8 phosphine, ate., with tha ald of Terious oxidizers and sorbenta. Tre aee
- of the purified gas is vecommendsd in tha produstiiin of methanol and formtes,
N and in other organic ayntheses, &e vell ag for hs rrodushlon of hrdroosn s
r ) other purpeses.

0Of conesiderable interest are the methods dwalopod in recentu yanra fur t‘::e vj‘
thermal conversion of natural phesphats by means of steem at etout 1,350 4o , 00

degrees centigrade;, in v-rhich fluorine is elirinated and tho phosphste is cow o:‘.f.m
% & olirnts aoluble form \A. I, Sharesheveliy vr\ TAka resulta ara A%y fned -or B

oalcination: of esuperphosphate or natural phospha.te, troated with galfwric o7 P
phoric acld, at lover temperatuwres (I. Gofzan and R. E. Oghexovich), ™
of this teatment may be used both as fertilizers and as feed u“.y‘p.a_f'!.‘ B8, The
proposed comstruction of power plante ani the use of !chr:mlert* .S TAg0WTA8 L
a large scale favor the development cf the tksrrel production of pie apnoriz ot
and ite salte.

e

Thermal Treatxwat of Phosphates with Alkalies

The Zsccmposition of phosphate with alxeli cowpounds at ik
1,100 - 1,350 degrees contigrade attracted Lhe attoziion o 3Tt
largsly beosuse it males possible the produstion of “thermo:
noreoncentrated apetite-nepheline ores cud samd luw-grade phlephols
ticularly when thess operations are cambined with alkall trewtasnd
{for example, ex»mcbicm with lime of aluminus oxids from nephelins)
with scda. Fusion of phosphates and elimlies or alieline earir ';(.‘.Lpuu_.’is el
products having a formula close to (Ca0)3+(la,X):C -“:"J-eao-g.: .

The conditlons for the production of thermophosphetles by
natural phosphsate with sols and sodium sulfate ars “he most t;om
o R gated in ths UCSK (5. I. Voi'fkovich, S. S. Porel'man, A, I, Sasx ;
e . others). The authore leterm'ned thet a therawophssphetls cmiclning abuu
: cent availabla Inls may be cbtained fron epatite scuconizete. A. B. 3ol
the Eagakh Aftillale of the Acalumy o Solencoe imveehigat
thermophcepbatae by heating Lare-Tau phosphorites with enlliun

& o A. I. Shorecheveidy and K. I. Saovociidn honbed nwtorul phospritas v 1L -lime
AR bagic blast fwmnucs slag, o« raturel wager it €07 wlus; and Atbo T Lo

fertilizers ~f the type oo Thomas slag corvelning 19 oo ’..?. :
soluble PoCs. In recont ye-rs encouraging suifiss in e
out wnder plant conditians by 3. K., Melen*'or and X X
tion of E. B, Bxitslm with the cooperation of the

s The industrlal explciteiion of the Progesses for ths

- phates hus been lirdted for reesoms technizel And zeomomis Lok
cossos will soon Me carried out in practice, particalorly ia fhe norihern resicas
of the USSR.

s .- R :
>ab the Jiro- vl .
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. Witrogon Fertllizars .

The production of nitrogenoue compounds by the fixatiosp of atmoggheric
nitrogen did not exist in prarevoluticmery Rusaia, Thers wers a fow amalil ive
stallebicns cperating wnder the Valentine sysuem which produced nitris asid
frem Liogporbed Chilsan nitrete. The capaciiy of these plante in 1536 was
49,000 toms cf nitric acid. The srtrastion of ammemia from SCke-ovsn 205 Wes
negligible; many coke ovene kad no absorpiion installations, -

During World War I, the first attempts were mrde to produce =itris acid
by the oxiéation of ammonia extracted from coke-cvern gas, and the Pirs: rlant
vz e axldation of emmonia on thes bagls of Russien investigations wey srectsd
in ti= Dombanc (I. I. Andvesv and obhers). :

At preseut, the nitrogen industry has developed irtec the mos% importsr
bransch of the shemicel industry, supplying egriculbuare with large gusntities of
fortilizer.,

The sclentific regearch work peralisled the contirucus growsh of vhe niswe-
gen industry. Vast experience hag besn gathered in these ysaxe ¢m the produs-
tion of synthetic ammonia, of ammonle &s a by-product of the coks industry, aud
its comversion to nitric acid and nltrogenous fertilizers.

The State Institute of the Kitrogen Ind.ustry and the vorl-feru of ths n!twoe
gen plants mede veluable comtributions to the design of eguipment end 4o Susther
improvemsnt in the produstion of fized nitrogenm anl its scapowsds.

Without going into the many imteresting rroblems which Lave been golvrsd, av:
vhich must be investigated further, in commectiom with trs produstion of syrtustia
ammonie and its oxidation to nitric acid (these problems will %o disruceed in o
separate paper), wention is here made cnly of the fundamertal e3:d7o5 £nd Lhe
achievements in the production of nitrogen fertilizers.

For the past “wo decades the largest portiom of the ammonia fertilizers
supplied to agrioulture by ths Soviet industry hes beern {x the form of purs em-
ronium nitrete,whereas in foreign countpies ammonium nitrate has bLoen regarled
largely:ag an;ihtermediate produst.whith had 3o be mizsd with other fartilizers.
¥hy. UBA: bBgan. to-use.amiohdum-nitirate as a saparate fertilizex as late es 10k,
Beoauss of 1its high nitrogen consentration(35%)end ite vhyriclogical propertiss,
ammohive-nitreate is an excellsnt fertilizer, but its unsatisfactory physical prop-
orties(high hygroscopicity and tendency to cake)interfere with is effective util-
ization in egrioulture. Soviet invostigators have thererors eadeavored to improve
tho physical properties of ammoniuwm nitrate, and in this-they partly succeedod. In-
faasixp stidy. and sxplodldtion pf . .satiafactory methois of productior, of ammonium ni-
Lxpke 4n industry wele ctrried out at the seme time. Tn thegu inveatigetions Seviet
instisutes. amd plants introduced .a number of new ideas anl at some points sw -
passed the ssientifio concepts of capitalistic cowntries, In the firas% plevts,
the heat of reaction of ammonia amd riiric acid (im the formatiom of & scils
product from gaseous Niz and HENO,, 4 34.7 salories are liberated) vas it 2.
lized. Ths amonium nifrate golition waz avaporatsd o a ~omsentradion nob
aigher than 8% psrcent; crystallization was car>led out ir ~imberscms ard im-
officient equipment. The finighed product ccatained a lamgs amcunt of melehos
and had poor phyeical propsrties.

Radical changes and improvements in the rrodusiiom of amzomdux nitrats
bave tee:. made in recent years. The design of a neutralizing aproraiis v ieh
operates under atmospheric pressure and utilirzes ths heat cf rasstics Yag t--n
eolved after prolonged research (D. Epshteyn, M, Viktcros, A, Murzinm, v, Klawl
and others). At prssent all the Soviet plaun‘e ars equippud with thrse spraae
tuses. The evapcrating aystems have also teen xmdliocniiy -
the plants are provided with evapsratore of very hima o .uwes’ .

Giproezot. The anmomium nitrvre golution im srapriaved te 5 o s
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9.3 porcent HELNC,, The method of profuging yramlate’ romreniuanrSoatc e
2 largs sownle, by Bprayirg in towers while in & molten stete, Las also heen
solve’ in prect! 69 by the studlem of the FITIF, Giprossot » N7 veXiouis pilarts
(&. Duioritekly, A. Pilinov, Z. Lunskeya, f. Margollis, and othevs), Tus
matuce for lecrsasing the hygroscopieity and caking of emponium nibrabs bave
besi “uproved . These stuiies determined the physicochemicel conditlioms which
fuvor the hunldlfication and eaking of eamonium nitrats temperature, hurtdity
of alr, effect of crystalline modificatiog, and other coniitions of pradaction
anl shorage, The effecta of additioms, the introdustion of vhleh improves the
prepertiss of ammonium nitrate, and the optimmm Usmperature during apsraticn,
huv: hean investigated. The adaitiomn of hydrophobic compeurds which form a
+7xt.de Tilm, guch as paraffin, petrolsum residue, bitumen, stec., decrsasss
“srably the hymrossoplsity of the meterial end the rete of abscrrticn of

- lesure from trs elr (I. Kriohevekly, A, Dubovitaidy, F. Margolls, erd cthersj.
The bast results are obtained when granulstion’and ecating of the payticlos
with & hydrophobis £1lm are ocombimed with powdering of the particles wish ~one
ditioning substances, such as kaolin, distomaceons sarth, eash, ste,

"The study of the changes in the crystelline styucture of smmoniun nitrate
as & Punotlon of heeting and cooling conditions is of partlicular lmportance.

It wee found In & study carried out by the mothod of sineratic miorophotoge
: raphy {8, Vol'fkovich and T, Glaxova) thet ammonium nitrate btained by rapid
i SR cooling. (quonshing) hae & denme struoture and does not ocake sxoessively, Fir-
‘ : thermore; mathode have been etudied for using ammonium nitrate &s = componsnt
- oy ‘the produstiom of ocoplex Pertilizers (nitrogh-ska, potessim -zmuonium ni-
-4rabe,  oalolwn-ammonium nitrate;, and other miitures), for further improvemonts
in the oconstruotion of neutraligers, svaporators, orystallizers, graaulate-,
eand for better utilization of the heats of reaction and orystellization,

- ) A foundation wes 1314 for the production of another populay typ ff ot p e

s 8er. fortilizer, ammonium sulfate, The most rapid develomment took plice in L~
produstion of ammonium sulfate from ammonia recorered from coks-oven 8. The
uge of gynthetic amonie is lses feasidle 3 synthetio ammonie shouli preferably
Ly oombined with nitric acid for the production of ammoniuz nitrate,

Congidering the disadvantages of the customary method for tha producticm
of smmoniuwe sulfate, the soecalled "wat® method, i . vhiok amncnia is reacres
vith sulfuric aclé in ssturators, the production of ermonium sulfate by the
"dry" method bas beecn mmestered. This method is based on utilizing the heet
vhioh ie liberated in the reaotion of atomized sulfuri. acid with amonia gas.
The same ides wae utilized in the experimental stuly of the NIUIF for the }i6-
dustion of mixtures of szmcmium sulfate, ammonium phosphate ("sulfoezmovhce™),
ard dry amacphoe, The NIUIF finished its work on devieing e method for 4hs
rodustisn of ammcniun sulfate from gypsu and rhoaphogypsvm.

; The USSR has trememdous deposits of gYpsur, vhich makes the utilization

o of the gulfete porticn of these deposite of oreat prectioal intersst, Nc lmes

: desirable is the utilizatian of the wastes (phosphorypsum) which acouwislpts tv.
the produotion of prosphoric asii by decowposlition o phosphute with sulfuris
acid, prorided amnonia and carbon dioxide are availebls in tha neighherhond,

B The coaversion of gypsum vas acoomplished by two methots, oas and Ugd, Tn
the gas method, the calciuc sulfate reacte with gese0us ammonia ani earbon
dloxide; in the liquid method 1t reacts with ammoniim sarbomsie golution,
Experiments at the N(UYF plant showed the guperiority of tue liquid methad,
becauee the equipment »equired is mmeh simpler,

.

. Another source of rav material for ths pracuction of egrmiser eulfats hae
bsen investigatec. This ie mirebilite (pavwml scdim sulfate) vhich is ayatl-
6bls in tressnd-us quantities in the Gulr of Eara~-bogaz-gcl, in the lakes of
the Kulundin steppe, in the Aral Sea, and many othsr lioalitiea, In 1930 ins
AYMIF {S. Vol'fkovich, A. Belopol'skly and oollaboratire) heIAP & BY:hempbia
etuly of the mrocess of converting sodlum sulfmte with ammonie epd cartcn
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‘ o lexdda £ twa walmable pooducte, sofe end ampenitm (v srmtamge, o
R ’ ' the Solvey procsse im which womonlum chY~*12e Lp otbedined =17 lrjar 4rean il
: with Minme for the regeneratior of emmonia). Taboratory fvr 3tigisi-me wers
conewr=+=1 with tho etudy of & number of oquiliindum salt syatems of ~A’i;ent
pranttsal fmpoxtance o the new amonize-sode process,
‘Many studles covered the carbomizetion kinetics of ammonla-sulfsse » o P

golutions an’ the dynamics involved in the veriation of titers during carvent-
zation. The etuiies also inecluded the partisl pressures of aimmenis, earhoa
dioxide, an2 water vapor over emmonie-svlfate golutions oF war’ous degraes of
nexrtonlzation, the treatment of mother liguors after carboniszution, ani vurtoua
“#he e of the process. A method,; whome various important points were checled
arder werdplant snd plant conditiona, was derised by lsboratory stuiles., Ths
aivantiage of tbls method over the ¢ustomary aocda proceas (using KaCl) is the
complste absence of waste; between 90 and 95 percsnt sodium sulfate and 98 to
95 percent ammonia are resovered in this process.

The prodmotion of the moet valuable nitrogen fertilizer, urea, which come-
+  ‘tains 45 percemt ¥, hae been organized on the basis of numerous laboratory and
plant ‘stulies: carried out by the QIVD, NiUIF, and various planis (E. Bolosoy,
AqiPopova, B, Isvi, V. Orlov, K. Ribinshteyn, E, Bomshteyn, and cthersy. In
addition to belng & very valuable fertilizer, uree is used in the prodastion
of plagtics, chemloal &ud. pharmeseutical products, and for meny otler purposes,
Xt has 0ot been easy to surmount all-the difficulties compected with the pro-
dustion of ‘iree. It vas nscessary not only to deviee the method of operabi .
but to design the squipment, and to prevent high corroslur of She opparutiic
parts. All‘ these problans were solved setisfactorily. The work rslated to
imgroving the equipment and tho methods is being coatinued with & view to
duoing the cost of produotion. The manutasture of wrea will wndcubtedly -~ o
tinue to expand in the Soviet Uniom.

_ Among verious other types of nitrogen fertilizers, celcium oyanamiic :.:-

be mentionsd. It is an efYective fertlilizer for cotton, sugar beetes, and otitsr
comnercial plentr, Considering ite value as a fertilizer and es & yav masarial
for the produotion of cyanide compounds, & plant hae been srectad for *he prve

duction of the required quantities of ualoium cyanamide.

Sodiwn and potassium nitrates are effective fertilizers for & number of
commericial crops. Sodium nitrate is particularly bveneficial to suger bsete.
In the Soviet Unior it is produced in nitric acid plants by the abdsorptiom ..J°
nitrous gases with soda. A new method is beirz derelopsd Por the praducticn
of sodiur and potessium nitrates from eodium or Jotassium chloride sud atixc
aoid or nitrioc oxides (D. Epshteyn, V, Nikolaev, B. Tasil'ev, und othoere),
This will inorease the sources of supply for scdiumend potassium niira
will save on snda and saustic potash required tor their production. 4 thorsugh
investigation hus also been made of tho process for the production of roke .
nitrate by conversion of amnonium nitrmate with pobmsstiwm chlorids - K
modivzm (F. G, Margolis, KIUIF) and of other .ssthods reisted Lo *n.
of nitxats selts,

. The eclentifin inatitutes procured all the pertineas e op the oporatilag

N conditions and for improving the physioal properties of calcinr nitweta (V.

: Xlsvke, A, Murzin, I. Exricherskly, and others). Calclum mitreie 1a moe® aftuce
tive !n the aocid soils iz meny regioms of the comtry. Amcmiwm phoepiats,
vwhish is a highly concentrated fertilizer and wvhioh hes been dlscumeed inm i
ssotion dealing with phosphate fertilizers, muet bz aléed -0 ths vuricas aliz .
gon fertilizers discussed above.

Potassiwu Fertilivers

For a nuubexr of ; s prior to the discovary and suwrvey of the sidit:ice 3 N g
Uppex Kaxe {Sc’llmmsk) deposite of potash salts in 1925-~7925, mnny attempss hel T
boan made to produce potassium ealte Srom sew weter (A. I. Kablyror
Sapirshteyn, end others), natwral alumimm eilicater, fellgpati!x
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Clawenmthe, so, (A, Famiee 3, N0re AR 2w, amd ediaur ), e i A
vegetabls asn, and sme pobeselunecontain’ng *mustz*:., WEBSTOE i

L Su the remsndols ressrves and ths Algh qualiity of the Sollkansi
polcel salts bdeczme lmewn, The NIU under the cheirmeneiip of N. S, Ewrmak:or
arcenzel for conferences with represenbetivss of many shemlcal imatitutss and e
laboratorties to work cut an over-all p aid bto sst the slosing daves for . g
varloue aclenti®ic yesearsh; o potasaluy rosesrsch tureau vas establishes 4o T
corralate the worit, As a result of the Antwasiva gtudies of various irwsestl-
@5 e w- GG whom the vork of the laboraitsry ¢ the Noprthern Chemical Trush
tovek (F. Vsl'Y, K. Yfremdv, Ve Yatior, and cthers) was partisnlarls
e of theAtediumy of 3cloncse (Y. S. Kwrekor and kis sollsborsteral,
; . GIFFL (T. MBnoey, A, Borgmen, and othere), and on the basis of forelgn
- mz_.ucﬂﬁ", iz selent!?ie counsil of the Khimstrol epproved plans for ths
conetyustion of & potessiun chloride plent which was to be oms of bhe largast
and most modsrn plants of the chemical indueiry.

After ths production of potasaium chiloride frox sylvinite Lal bser nas-
tered, mny other inlusiries vers developed at the potaesium combine for the
combined utilization cf ey v*nita and carnallite (D. 1. Shcherbasor, 8. Z.
Mamrov; Ya. M., KheyPets; and cthere). Fwrthermors, meny valuable investiga-
. biong:were mde with-a view %o increesing production ani improving the proper-
“tiés of the final, m‘oducbg (A. S. Leontichuk, Ya., E. Til'nyansiiy, R. Ya.

"{,)hm.al' -and cthers)s

ihe NIV end cther institubec studied various nsthods for the racdwsbium
of ‘potéssiunm sulfate, nitmto, and phosphate, end trinle fertilizers sontain-
ing potassium (E. V, Briteks, 8. I. Vol'fkovich, E. P, Pokhvalinskeye, R. E.
Remsn, F. G. Mxgolis, and others).

In recent years prepersations have been mede for tha fortheoming 13l woe
tion of potash salt deposits other than those et Solilkamek, The IONKL &rd .0
Iustilate of Halurgy investigated the ccmposivions and msthods cf trsa *mg
potassium salts in the near-Ural and Emba sgioms, wistern Ukraine, and cizexs.

Saveral investigations wore comcernsl witk the paysicoczemiczl avudy of

- the pertinent equilibrium ayrtems anc. of trs rosotion kﬁreti"s (4. Co 36"99?:..

B, I. A¥hvmov, D. B, Vasil'er, A. I, 3elopol'sidy, K. P, Alstsandrov, 3. ¥,

Shpunt, and othars), and with devieing a mors rapii end xore ascocurats metho

for the analysis of potassimn in fertilizers end salts (3. K. Rozanor, 3. 8.
Dregunov, And othsra).

Agrochemical experiments at the NIU, VIUAY, and a aumber of othar LIS ARS GO
zations determined the effectiversse of various forms of potassiwa fartillioery, ey "
and the requirensnte for them in verious regions and dby variour ercys, ' e .

s

> As mantioned earlier, afier the western Uxralne hed bean adied to Shs
Union, the Stebnite ard Kalush potash snterpriese, vhick tiae’ ~ilfetss in
additicm to chlorides, becems a paxrt o the Soviet potassiua ‘w'istry. s
largo potassimm cawbing 1= bainz wractad Sor the sxplinitas! . < . apuer Ko
depoeite.,

Boron and Othar Fortilissrs
The importance «f borom, & Jsll ag theb of neny

(thet i, olamente present in very zmell quanbitiar in -
the 80il), n plant life has ba=n Rsfinitsly sztadlishel uy l'.(,.!f‘

wal ok .
letry, partioularly vithin the last 15 yeaxs., Up to 1033, when tis Sxvi- - T
M Un*'rn imported toth boron rew meterials and dorom produsts, and =nly o neyli- RN o
: 511 amownt was prodused fram pocyr raw meterlal, Kexch Tolrenls aui, t@
e vaa n hase for the profuction = borom fartilloers. 1o wes anly (o ‘.2

after the diecovery of tke Indorsk dsposlts of watlly dacomporsile Loye a2 i
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the Urel-Frda reglom, tzab 1% hee Yesome pocsidlato devslop e foise’
duction of borom and 1te salie. The methols devised at the NIUIF for 4us ¢iwie

versica of dntolises firom the Northern Ciucasus and towrmslines from Sibsris, .

valch ere alfPicult to decompose and contaln 7sry little boroxm, were discardsd L W
after e new borates Lad been discovered, The Soviet borom inmdustry now uses ) w0

ths lstter materlal exclusively.

Beversl plasats for the treatment of Indersk btorates, largely with sulfuwi:
ecid, are nov in oper&tlon as & result of the studies et the NIUIF (L. E. Beriixw,
V. T. Mikerov, and othors), &t the Institute of Fslurgy (V. E. Grushritsily and

others), end by industry (4. N. Kostyukovekly and othevs).

Axlé, allall, thermal; and combiued methods for the conversion cf borates
%o bordic acld and Yorax were investlgated. At the same time methode were studied
for the: production of phosphorus and combined fertilizers containing torem, as
wéll eg means for the utilization of the hy-produste; chiefly megnesium sulfsts.
and the wastes.

© Many physicochemicsl and geochemical problems were alsc imvestigated (&. V.
.Mkomev' ‘and A, 3, Eurnakor; IORKh; V. E. Grushvitekly, Institute of Halurgy).
Mang. studiss were mde by the NIUIF, VIUAA, and several obther ipstiitutes, on Shs R e
physiologieal: and. agrochendcel importence of boron as & plent nutrient (R. K. R &
Kha 11 vn‘!f- K. V Knta'lvmav E. V. Bobko, E. I. Porpalor, ani othare) . L S e -

"For “he neay future, construstion of new boron plants end expansiov\ of tre
souroces of rew msterials, by including poor borate ores and, possiltly, insuluble
natwel boron silicates are planmned.

Many studies in the USSR have been comcermed with cther misroslemsats, such
ag manganess, zinc, copper, radiocactive eleuents, growth hormones (l‘e*nwe _xi o)
and herblcides. A part of these studies is now being checked wiler ylamy
conditions.

It was mentioned earlier that industry hes mastered the production of
" goveral complix amd mixed fertilizers. It ig planned witkin the next fex ysexs
to expand the assortment of double, tripls, and perheps even guadxupls Perti-
lizer mixtures, which would give to the plants tie roguired emounts of nlirogen; :
phosphorus, potassium, doron, etc. The rroduction of fertilizers comtaining i .
peat and modbile forme of phosphoric acid and nitrogen ia proposed for several B
eolle (red eoll, sendy soil, etc.).

It 1a impossidble within the sccpe of thie papsr to discuss other fert!-
ligers, suoh as limestone, gypsum, peat, induetriel and agricultural wastes, wu:
.the so-called "green fertilizers" (lsguminous plante), since they are not e par’
of the fertilizexr inmdnstry. It should be menticmed, however, that 3wvie agru
chaniets have oarried out meny studies in thie feld znd thet ilese hare coniil
buted greatly to matiomal agriculture.

Chendoel Anelysis and Control in the Produciiomn of Fartilizere

Invesuigations of chemical amalyses and metb s of camtyol fa 5t g ~iuse
tion of fertilizers have ocoupied an importznt Diucs in the atulles o’ U3SR
scientific institn‘es and plant laboxratories. The larges® numbar of ‘nveghl-
otione has desm concermed with phosphorus-sontalning materisls. Aneirsis of
phosphates rey now te referred to as ome of the chapiteve of wnmelytleal chismis*iy,.
Only the most irpo: ‘ant achievemente in the chondsel monlymis of foxttiilrzer
will be enumsrated below.

The folluwing methods have baem workse i Twetric mathol Sfor nl
aelermination of Pf,’J5, including acidimseric ‘it:m 1@, comrim‘*i(‘ Mt
for the detexmination of Pylg: "5203, 810p, F, and otlar siomsnie) . oW aobhl.
Por the determinaticn of meté- amd pnophosphaw fong; lmproved meillals for Sie

-23- : RN -
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quantitebive debermination oF Tluorims; wupll 7 lasetrlo-brordme'al o, Lol
for the determination ¢f awmonia nitrogen; end & number of apld methiss Fon
the determination of borcn, megnesium, and sulfete lons, amung otiers (2. N,
Rozauer, G, A. Mexrkors, M. L. Chepelevstskiy, E, B, Bruteiue, 3. 2, Evzliza,
V. A. ¥azarinove, R. E. Osherovick, B. V, Mikhal'chuk, B. I, Levi, T. A,
Kyyikove, B. E. Zusser, and many cthers).

Tie pclarogyaphic method »f apalysis iz the produxtlon cof anlds end salts
hee come to the fore in recent years (P. A. Eryukova, E. N, Popove, and othera).

Many stullés vere made to determine the physicochemlcal ani scmmerciel
crosixties of fertilizers: drlillabllity, cakling, hygroscoplclity, grapulometsic
somporttion, ets. (K. Pestov, N. Khalt, T. Beranov, and others)., Zanibooks
ua7¥e wsen published for the comtrol of tke superphosphate ani othsr produc-
tions (M, Chepelevetskly, ®. Lrutsims, and others). Many studies have been .

" comoerned with determinirg the various physicochemical conetants of chemizally
pure acida end salte.

Meny atudies are avallable on the application of the mew autcgatic rsthode

of cbatrol in gases amd liquids (GIAP, NIUIF, Earpov Ingtitate, and cthare) .
Théqe indlude sutomatio regulation of the liquid level and ths dsasisy of the
alurry, antamtio oontrol of the feeding of gases and liqulde into reactiom
Tesssks, SvC. . . .

The -anrvey of the fortilizer industry woull be inccmplete withou® menbini IR
£ the progress mads, in the production of sulfuric acid which, fruw ths lncep- T
ion of the mineral fertilizer industry to this very day, has been a firidazental
prop of the phosphate industry and is comnnected by & number of threade to znitrc-
gen fortiliyers, as well as to the boron !niustry.

e Sulfurio Acid .

The produstion of sulfuric acld in prerevolutionary Russia woe at a low
le7sl. The rav meterial for most plants was imperted from abrosd. Tearis® Sy
Russia ogoupisd 13th place in world production of eulfuric aocid, Fyrite £ .
naces vere manuelly opereted in most of the shamber plants. The average mate ' S
of the chamber volums was 4 to 5 kilograms per oubic meter per day; the sulfuric
acid vas ooncentrated in lead or porcelain veesels with sxternal heating. A
plant ereoted during World War I was more modern: it contained an Oppel chaxrer
dystem, eystems with tangential ohambers, Kessler apparatig, and Gelllard
oquiment ,

Contast plants were at a muok higrar technioal lsvel. The Tentalsvek
system dovised oy the chemists of the Tentelsvsk plant (now the "Red Clhealsi”
Plant) was one of the most molern systems a the time. I% should be uatsd tist
. ' contact acid constituted more than helf of all the eulfric acld prcducsd ‘n
S : " Russia. In the first yeers after the revclution, the productiom of pulfvxis
a01d deareased mariadly because of the cloaing of meny plante. Durimg il Fe-
oonstrustion pariod many old plante wers redullt erd esrec3ed. By 1938 He
. produstion of sulfwic acil yeached 200,000 tous as camparal tc 17,700 toms 12
- 1919.

© A huge sulfuric as1d ‘zdustry was organized in the fire: and eecond fiva-
year plans. By the end of the Seoond Five-Yeer Plen the Scrist Unlom oo aiptad
fourth place in vorld production of sulfwric acid,

The snlfuric acid plants wers of the Istest design anC. wers squipped itk
the meat modern tower ant contact systems, as well as vith Kesslar and Chorlor
conoantretors, and vith vssuum apparatuses, All tower and contect plents weire
oquipped with powerful furnaceg, centrifugal ssid-resistart purpe, slesizi-
proaipitators, sto. Apparatuses cf criginel design and high sapaelis, le’ued
by Sorist exports, wers introduced: contact eppuratuses for the exitasion of
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P ‘,"0 :.‘l‘ ey
cipthatovs with all ths
cupeslity iron coclsre, 9%s. g
tried "o reach thelr estlratsi cerectisy,
camusl oy of *‘~a tower amd countach s)etems el increased. Talp frultfalivoy
wen Tagun, anl is combtlnusd o thie day, Y, the lixgs sollgstive of workeyvs T T

af yuifurie soil plants end of the MKRTI, ZTUIF, Giproktim, UWFIKLIM, sod otiper IR ,(d
institutes. Barly (o 1535 reny tower planss reached & capaelty of 20 Lo 3T e :
kllograme pex oudic meters insdsed of mropceel capacity of 18 tc 20 ¥ilograms
per cuble metere per dey. The s,ak_barw meremant cres tad fayorabvle ccndltlons
for the further develcpment cf the systom, Scun several plants cperntsd at

wo ele of 100 Mlograms per cuble msters (Vinnitskly plant end otk e}, and el i
i 84D ;L:N..e a sate of 200 kllograme por ¢ubic meters was reeshad ab vayiows - o R -
serices. To prevent the dstoriorstion of the lead equipument undsr t.h»; 1ncreasei SR T
1ate of cparation, leal wae rapluced by metorials steble under thege conditioms,
notably sast iror, ireonm, and others.

< u¢ RISV ERL Jd.) ).x ..a. P
"Lsus FTuriflex" Tro 6t) "
Mygt Flvo-Year P]z:( o :
tna Secon? Five~Yoay Tlan

A great deal of work was dune by tine NIUIF, UNIKhIM, and varicua plants
to increase the profiction cof mechanicel furmaces. In 1936-1937 the produsiicn
of VERZ and Wedge Suxnaces was ingreased to 200 kilograms per cutle meters of
mmnos ‘Hearth per- day, aid ia the subseguent years a rate of 200 Ly 250 kilce
grams: per. eubio metera has been malntained by m.n:y p]an‘os. During the same

these fwrnacse of moist tellings (containing up to 5 persent rolptura, nes basn

A method for cooling the ecid by decrsasing the cooling surfars to approz! -
mately one halfhas been worksd out in the plexts, Until recantly <he towo:
systemeylelded an acid of 75 to TE€ percent EoSOy. Stuiies at the NIVIF sonrie
buted & tower process which ylelds oil of vitriol directly.

The contact progess for the production of svlfuric acid also underwent .
great changss in the vostrevcolutiomary perfod, It is sufficient to menticon Yhat
the oapacity of individuel sortact installations increased fivefold. Thmn
fundamental chengee becams possidle owing to the greut improvements male v the
contact process. The replacement of platiuiz cetalyste by more effisieat and
more stabls vanadium catelyst messss agave vory satisfactory reeulte (Odessa
Institute of AppUed Chemistry, MKWTI, IbKsTI, FIUTF). The tims of contect of
tho ges in the cataiyst zome has bosn decreased apd at the sams time tae yleii
increased to 97 percent., The Soriet planis sre equirped with comrertsrs of
domestic design which heve a kigh caracity and a Lish coefficlent of gee utili.
zation (G. K. Boreskov, N, P, Sosnovekiy, ¥, M, Levin, ard cthers).

In recont years a process las been used in which oll of vitrisl ie intros
duced from the side, and this increases the yleid of lwning ealfurlc acid 1y
150 to 200 peroent, of the gas capaszity of the convertur.

The evaporators haves alec “=an conelilsrably -._‘L.e‘m-. lergely by xaleing . IO :
the temperature cf the heating .ises (A. I. Kirsh, £, P. Ruzenknop, K. I. Balyeer, R e
A, P. Bamexin, ¥, A. Kazariser, ani-cthers),

Special mentic: must be made of an exisnsive iheoretfsal ghuly crrrled out
ia coanesticn with the devsiopment of procaszses for tha productlon of sulfizic
aoid., For szanmpls, B. D. Mel'nik #nd cthere =t the LERTI, ad K, M. Malin and
othera st (ho NIUIF, wexs the first to maks & ihec-otical study of the comdl-
tions for the veloinmation o pyrites In order to ilnnreaes the sapeclyy of ibe
fwoaces, A groat numter of studiss (V. N. Shul'te and sikers, MKGTII; K. M,
Mulin and others, NIUIF; I. K. Kuz'ainykh, UNIKKIM: S, D, Stuymikoer a.r-d he
Jiprokhim) have been concerned with the ‘~-cst1¢.;n.tim «f 4ka "nitxore" px
Those investigatioms scatribute very i{mporiert imcccazente exd Sransd e way
for increasing the efficisnny 5 “.uwer systems. ks

Wlovierly pronisivg fo ke
use df dxygen Iin uvhe produstic of ‘ower acld., Thosougk Lavestlgatime sovering
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Sy g s Yhe theory. of the comtach. oxidatlon of eulfar < fuuide; S oxiislion” kinetice
<R a vanadium catalyath, the methods of caiowletion; the design of pew comvert.
ers, the use of oxygen in contact operativn, anl zwny athers wers made by
G. K. Boreskov and hls collaborators at the NIUIF. Valuable contribublione o
the alirorption of sulfur dioxide and condensation of sulfurie «sid wvers zade
by 4. G. Amelin at the NIUIF, ‘

i Successful stulles of the oorrosiom of meteriele were carvied out hy ° s
S E, Yushwmanov at the UNIERIM and M. V. Viorov at the NIUIF. S e

The experimens of G. K. Sorsskov, L. G. Ritter, ant sthera at the NIUIF
Lads shown that when oxygen ie used the capacity of the convertsys my be in- Wl
oreand substantlally. The application of oxygen is particularly beneficlal ! N ]

"2 ths treetmen’ of 100 percemt sulfur dloxide gas obtained from the waste
sagee of nonfsrrous metallurglcsl furnaces. The use of oxygen permits the
direct produstiom of high-grade fuming sulfvyic acid, sulfuric acld amhyiride,
end & nwnber of other valueble producte.

K Exit gases of metallurgical furnaces, combustion chambers, etc., sontain-

. ing smmil amounta of 80~, furnisk a tremsndous and practically inexhaustible
scirse of starting materials for the profuotion of eulfuric acid. The problem
of utilizing thess gacss ie olossly relsted $o the problem of their enrichment.
Meny individuals and zmeny oramnigzations investigated these wroblemss. B. T..
Shiserace, I. D, Peysakhov, 8. Golyand, and others, NIOGAZ; S. F. Rozemkmop,
N. B. Kirichenkn, KITIF; T. D. Averbukh and others, UNIKKIM,

Various methods for concentrating 80, were tested on e semiplant scals.
The studies of various reagents to be used in these msthods ere being continued.

The insxhaustible sources of raw materials discoversi en’ sxploitsd by the
Soriets and ths excellent prepa~ation that has been given to a large numher =°
specialists guarantes the farther develoment of the sulfuric acid industr;.

Cenolusion

At the First All-Union Conference of tke workers of the socialistic indus-
try held b Fedzuary 1931, Comrade Stalin sald: "We are 50 to 100 years behind
the leading oountries of the world. We must ocovsr this span in 10 yoers.
Bither we accomplish this o we shall be orushed.” This refersnce to the back-
wardness of omr industry applied largely to the nitrogen, phosphate, and potas-
siwa industries.

At preseat, we may assert vith pride that the Soviet fertiliver industry
made tremenious strides in the five-year plans. The tempo of its growth ex-
cesds anything heretofore known regarding the development of ocapitallet indus-
tries.

The war with fasolsm, wvhich started 10 ysars after HStalin mede the spoech
\/ mentioned adove, ended in a comylete viotory for she UBSR, thus demonstreting
the strength of the sountry and of the socialistic indugtiry.

The prerevolutiomary rhosphate fertilizer industry amounted to only 2 or
3 peroent of the present industry, whils the nitrogen and potaseinm industry
were developed within the lust 20 yeexs.

. The UBER now ocoupies first place in warld reserves of phosphate and
' potagsium ores. Tremenaous sources of rev materials for the sulfuric acid in-
dustry have been discovered, investigated, and put to use. Desposits of boron S -
ores have been Aiscovered and aro being axploited. Amighty povor dese has been AN -
oreatad for the develoment of elsctrochemical and elseotrothermal methsda of . L
mraluction of fertilizers. The sources of rev materials an? of alsctric power
oontribute to 1. wlimited development of the fertilirzer industry. :
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Fot unly has tho lopers of agrionls el oo :
oontinusd, bubt the coumtry began to export whsi-or:b).: Guantitles o
potagh salts, and some LHypes of Pertllizers,

lerge, complex, and modexrn plants for the production of eynthetic ermornia,
nitric acid and ammonium nitrate, sulfurlc acid, superphosphate, and potassium
chloride have beon erected during the flrst and svcomd five-yezxr plans, New
industries have been creatsd: elsotrothexrmal produstion of phosphorus end
Phosphoric acid, and of concentrated fertilizers, such &g ammerhos, ursa, dical-
ciur nhosphate precipitate, anpd fertilizer mixturss., The Steikhanor movaszand
end the improvemsnt of processes on the bagls 2f most mndern ashleverments ~f
=700 end. tachnique contributed to a continued growth of the quallitative 30d
quantvitative infices of production and to a decrsese in the produstion copt of
fortilizers and sulfuric acid.

The large sclentific research imstitutes and wslil-squipped plant latore.-
tories, &t well s many universities, carricd out a large mumbs» of arastire
investigationy wvhich have been usmed as a basis for new drocemses es well e Tor
the improvement of existing processes, The chemical, agrisvltural, geolcgl :-.a 1,
mining, and other inmstitutes of higher leerning prepared thoussnds of special-
ists who aye now working in sclentiflc end planning institutes, in minss, plants,
and in sgricuiture. Befors the revolutliom the number of spe.,m.liq be in Susce
P1alde mmbaral only a few dosan. .

Th the past 30 years, in addition to several thouesani rsessxoh atullse,
there were published many monographs, textbooks, and handbcoks whish »efiszi
the creative work and the experlence gathered by Soviet sclence end techrology
in the fields of chemrgy and the fertiligzer industry.

In spite of the great achievements mede by the Soviet +er,ili'.:ar 1. i
and agriculture, even more grandiose problsmg have to be solved witrl.: 5
fow yoars: 1t is imperative not only to reconstruot tke industry destroy-l 1.~
the fascist barbarians, buc also to maks rapld strides in the development of the
fortilizer indvstry with the use o the most modern wathois; it ie necessary to
study and develop new bases of agronamiocal ores; it 1s necsesary to widsr “he
variety ! feriiligers, espscially concentratsd and complex fertilizers: ii fs
necegsaxry to dbuild many new fertilirzer plante, pits, and concentratlion platts,

Many nev industries will be deased on the mrst recent achievements cf Scrist
chenical science and technology.

The tremsndous requiremente whioch tke sxpanding agriculture pl&ues UPOT
the Soviet fertiilzar intustry and Stalin's statement that: ™e mus’ not oly
ocatoh up with but surpass in the immediate future the achievements cf selsnse
beyond the borders of cur country,” obligetes ths Soviet chemists to rzlisa wren
higher the thaoretical and oreative level of their work ond G- meks poesihlc 2
more rapld exploitaticn of scientific achievements in imduetey.

Soviet chemiptry has everytking at its Alaposal o falfill the wraiciionzs,
sxclting, and thankful tasks for inoreasing the praiustive cepacity of tin
Soviet land and raising the prosperity of the peoples inhahiting cur crest
country.

anitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1



50X1-HUM
SEGRET

' BIBLIOGRAPEY

Raw M rorials

"A. V. Eszekov, Bditor, "Agroncmical Ores of the USSR, " Trana, Sol. Inst,.
Fortildzers (USAR) (KIU) No 12k, 125 (1934).

Ya. V. Sacoylov, 1bid,No 11 (1921},

3, M, Gimmel'faxd ant T. F, Up&nyn.nts, "Raw Materials for the Feriilizer
Tadustry, " ORIT 1937,

M. P. Fiveg, "Ehibin Anatliies,” Trans, Sci, Ingte Fertilizers Insecto-
funigicides (FIUIP) Ko 128 (1936).

A. V. Knzakov, "Chemiocal Rature of the Phosphatilo Substance of Phospho-
rites and ‘Thelr Genesis,” 1bid, No, 139 (1937); No 15 (1933).

P. L. Bezrukw, Bi:M: Gimmel'fadd, ot al, "A New Region of High-Quallty
\I’hosphorite m-a-’rau, 3.4 Chem, Ind, (U38R$ 13, ¥o £, 3 £1938) .

7. P.'Ls Bezrukov, "Results of Studfes of the Fhosphorite Nature of the
Kara-Tau Basin," in the tock), "Geological ‘Btudy of Kazakhstan for 20 Years,"
) lelishod. by the XAm!!h Af‘filia‘be of Acad, Sol, USSR 1.91(»1.
8. 8, I, Vol'fkovich, "Kara-Tau Phosphorites," Acad.S8ci, USSR 19k6.

9. "Beneficiation of Phosphorites, Glanconites and Sulfur Ores,” Trans, NIUIF
¥o 122 (193k}; No 150 (193%9).

10, "Ehibin Apatitems,” edited by A. E. Fersmn, I (1930); 1T (1931).
11. "Phosphorites as Direct Fertilizers,” Trens,NIU Fo 12 (1924),

Techno: of m o8

12, 8.1I. Yol'fkorioh, "Btudies of Khibin Apatites as en ObJsct of the fertilizer
Industry,” Treas,NIUIF No 96 (1932).

13. 8, I, Yol'fkorich, L. Berlin, A, Vinokurove, A. Loginova, and others, "The
" Conversion of Khibin Apatite into Fertilizers,” 1bid.No 95, 3 (1932).

R, Britske and N, Pestov, "Thermal Produstion of Fhosphoric Acid and Kigh
Grede Phosphates,” 1b1d,¥o %9, 1 (1929).

L. Berlin, "Knibin Apatite and Tts Conversion to Superphnsphate,” ONTI 1933,

16, M. Chepelevetekiy, E. Bratexus, B, Brzlina, T, Kryukova, and others,
. ' "Physicochemloal Investigations tn the Field of Acid Treatment of Phoaphates.”
Tvans, NIUIF No 137 (1937).

17. A. P, Balopolskiy, A. A. Taperova, M. X, Shulgin, et 21, "Physicocohewical
Analysis in t.ho Field of Bulfwric and Hydrochloric Acid Treatmn‘-:e of

Phozphates." J. Chem,Ind, (USSK) 14, No 7 (1937); 14, No 9, 50% (1937); 15,
¥ 3 (1938); 16, Mo 1 (1939); 17, Mo 1, 5 (1940); Ko 9-10 (1945); Mo 12 (1946).

A, I, Shereshevsily, "Obtainiag vaorjlhosphate from Kera-Tau Pnosphorite,”
1Ma,37, B0 7, 15 (19uo)

S. I. Voi'fkovich and V. F, Eamzolkin, "A New Cycle of Phosthate Digestion
vith Asid,"” Trens, KIUIF 1928, Mo %5, 121.

-28 -

SEORET

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1



S

th B » s 50X1 'HUM
.r.,L IO »
“ “Sari~plent-Soale Experiments on’Acidionversion Ui l‘..usp CFL Lea, ‘1bide

Ho €7 (1929).

E. 3ritske, A. lunaev; and B, Pokhvalingkeje, "The Amroniuc Phesphates,”
1r18, 8¢ 51, 5-83 (1929).

E, Briteke and S, Dregunor, "The Precipitetion of Phosphoric Acid with
~ Lime Water," 1bid,1928, Fo 55, 7.

3 Perel'man and I. Nikonove, "The Preparaticn cf Dicalolum Phosphate from
™oephorites,™ J, Chem.Ind.Moscow 1932, Ho 12, 21,

g. I, Vol'tkovich, "Gypsum and Fhogphogypsum,” Trans,FIU No 101, 5-11 {1633).

A. I. Sheresheveily, A+ A. Sokolovakiy, anl P, F, Derevitsikly, "Produsction
¢f Phoephoric Fertilizers,™ 1938.

I. L. Gofman, Ya. Zilberman, and I. Ostrovelkly, "Production of Superphosphate
and Other Fhosphorus Fertilizers,” edited by 8. Vol'fkovich, 1937.

8, I, Vol'tkorich et al, "Produstion of Phosphoric Acid, Doubls Supsrphos-
phats, and' Amonium Phosphate,” Trans, KIUIF Ko 153 (2940) .

8. T. Voli'fkovish, “Production Possibilities of the Superphosphate Indul-’cz'w
undey the Stakhanov Movement." J. Chem,Ind, (USSR) No 9 {1936).

8. I. Vol'fkovich, A. Belopol'skiy and A, Loginova, "The Physicociemical and
Technological Analysis of the Process of Decomposition of Phosphates by
me-wne of Kitric Aoid for the Produotion of Fertilizers,” Bull.acadsScil.URSS,
Clssse Sol, Ghinm,1940, T05.

M, L, Chepelevetskiy and E. B. Brutskus, "Analytical Control of Superpi.s-
phate Productiom,” 1937.

31, K. Postunikov, "Elsctrothermal Production of Phospkoric Asid from Ratural
Phosphates,” J. Chem.Ind, (USER) Fo 5 (1938).

Production of Nftrogun Pertilizers

32, 8. I, Vol'fkovich, A. Duboritedy, N. Kryushkov, V. Oriov, ani N, Pestov, Y\ :D-*'gé‘/
"Production of Nitrogen Fertilizers," Goskhimizdet 1935,

33. D. N, Pryanishnikov, "Nitrogen in the Life of Plants and in Agriculture of
the UBSR," 1945.

3k, 8. I. Yolsfkovich ari R. Remen, "The Hygroscopicity of Amronium Xitrste and
s Mixtuves," Trans,NIU, No u6, 53-5 (1947).

35. G.. Gorshteyn, "The Hygrosoopicity and laking of Anmoniur Nivrate and
Mixtures of Ammonium Nitrate and Ammonium Sulfete,” J. Chem,Ind, (Mcscow)
1933, No 7, b7,

36. I.Xx:che~~iy, L. Kantarorich and M. Bsrgaur, "Decreasing the Dogres f
Bygrosvop. sity and Caking of Amacnium NKitrate," 2b11,1933, Fo 7, 4l.

37. A. Dubovitekiy and F. Margolis, "Bhywiogchemissl Properties cf Asrmonivm
Nitrate Produced at Various Plants of the UBSR, 1bldsFo 3 (1932).

A, Dubovitekly, A, Fillnov st 2l, "Grenulat..n of Amcenium Fitruse,” Miznersl.
U&c:rmyu. b Insoktoﬁmisidy 1, No 2, 2k (1935),

D. A. Epchteyn and V, Klerke, ""he Beutralization of Nitric Acid with Ammonie
at Atmospheric Prsssure," J. Giem,Ind. (USSR) Fo & (1937).

..29.‘

anitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1



- M B A I S e g Lo . <7 : A
"o 2 - e e &

B8 Sanitized Copy Approved for Release 201 /6/2,:C|-RD5>8_0,-T08095060
N - NS — L V\ B r

il

221104-1 {4

50X1-HUM'

40, L. Belopol'askiy ot al (8. I. Vol'fkonich;.éditor); ;’Prodnctita‘u’a; of Soda. and
Ammonium Sulfste from Miradilite,” Trans BIUIF No 144 (19%0),

¥l. 3. I. Levi, "Synthesis cf Ures from Amuonia and Carbon Dioxids,” J. Chem,
M(Mouov) l93k) Ho 9, 38. ' .

%2, A. Duboritakiy and B. Lunsinys, "Obtaining Complex Fertilizers of the
. Type of Hitrophos and Azophos,” 1bid, L, k96 (1937).

k3. 4. Murzin and V, Kievis, “Coid Drying of Ammoniwum Nitrate,” Bull.Tekhinform,
GIA 5-6, 52-66 (19k0). ’

M. A. . Sokolor, editor, "Nitrogen and Uomplex Fert!lizers,"” Trase NIV
¥o 126 (1935); ¥o 136 (1937).

45. A. Juboritskly and P. Margolis, "Production of Nomcaking Amonimm Nitrate,”
J. Chepi, Tnd, (USER) Yo 5 {19%7).

4. 8. Tol'fkorich, efitar, "Fhe Production amd Analysis of Jitrogen Fortilizers,”
©+ Treng, KU ¥o 92 (1932). .

7. L. Kusnetsor, "Produstica of Calsium Carbide and Cyanamide,” 10kS. \/\ p¥e }

- 48 DA, Epshitoyn, "Cheuistry asd Tecknology of fixed Nitrogen,” 1935.
B9, Me'A. Mimkovioh, "Salts of Witric Actd (Nitrates),” Goskhimizdat 19K, \/\@ #2868

Production of Potassium, Boron, and Other Fertilizers

5%. D. Pryanisautikor, "Tho Unecogaized Stasgsfurt,” 1919,

S1. @, Vol'fkovich, B, Dregmnov, 0. Magldsom, et al, "Technical Comversicn of
Potessium Salts,” '1931.

52, K. I. Asdryakor, A. 8. Leontichuk and Yu. V. Moraclovekly, 'Kinins and
¢ Comversiom of Potash Salts,” 1945 . )

53. 8. Vol'fxovich and Y. Vil'uyanskiy, "The First Stage of Operation om the
Solikamsk Chemical Fastory," Kaliy No 3 (1934).

5k, 8. A, lecntiohuk, "Carnallites of Solikmask,” J. Applied Chem, (USHR) b,
W5 (1931). | |

55. First All-Uniom Potash Comferense, 1939.

:6. “Potagh,” Collection of stwdies of NIU in Central Asia, odited by P, I,
Preolceshenskiy amd X. V. Kazakov, 193h,

57. K. Britsie, ¥, Pestor and A, lezancy, "Potassiur Phoppbates,® J. Chem, Ind,
(Mosoow) 7, b (1930). :

=8, 8. I. Yol'fkoviok and F. Maxgolis, "Catalysis in the Production of Potassium
mu by the Haxgreaves m,' Doklady Aked, Bauk (URSR) 193k,

. 59. A. G. Bergman, "Polytherm of the Bystem of Chlorides and Nitrate Selts of
: Ammotiia and Potagsium,” Bull.Aoad, Sci, URSS, OKhN, No 1 (1939).

60, ?. s.)n_nm ot al, "Organio and Xinersl Fertilizers,” Trans,NIU No 127,

-20 -

SECRET

M Snitized Copy Approved for Release 20711/06/28 : CIA-RDP80-00809A000600221104-1 M



.

¥ Sanitized Copy Approved for Release 2011/06/28 : CIRF:;008095090602_11 J oo

50X1-HUM

SEORET

61L. L. Berlim, "The Boron Industry of the USSR and the Prospecte for Itvs
Development,” J. Chem.Ind, (USER) 16, Fo 11, 3 (1939).

62, F. S. Eurntkov et al, "Boren and Potassium in Western Eazakhetan,” 1935,

63. L. Berlin, "The Production of Boric Acid and Borax,” J. Chem.Ind, (ussR)
15, ‘Ho 6, 20 {1938).

64, 8, I. Yol'fkovich, “Chemical Treatmeni of Boron Raw Materials,” Bull.Aked.
801, DRSS, OXhN, Ho b (1946).

65. X. A, Pospslov, "Boron Fertilizers om the Podzol foils of the DSSR," 1957,

A 4.;

\

Gensral ¥ortilizer Probless

.66, Fertilizers Handbook of the EIU, 1933.

B ' “67." 'D: M. Prysnishnikov, “Agrochemistry,” 1934.

S ‘,:68'; ’s‘..' ¥. Bowanov, “Chemical Amalysis of Yertilizers,” I and IT, 1933.
69‘.»‘ 'Iuwrx of BIUIF for e period 1515 to ig%%, 19%6.

\ '7‘0'. The Agroshemtst's Companion, 1940

. Jowsals: "Minsral. Udcbreniys i Insektcfungleidy” (1929-1933); Kally
“71 (1930-1938) ; ci.:,utiu of Bocialistic Agriculture (1932-1941).

Production of Swulfuric Aeid

12, V. N. Shul'tz, "Intensification of the Sulfuric Acid Tower Process,” J.
Chem, Tnd, 1k (1937).

7%, K. Malin, "The Possibdility of Intensi’ying Mechanical Ovens. Yhe Kinetics
. of Burning Pyrites,” 1did, 16, ¥o k-5, Lk (1939).

. ; Th. I.¥N.Kuz'minykh, *Intensive Tover Nitrose Proosss,” 1939.

75, B.D. Stumikov, "Probleme of Reccnstructing the Bulfuric Acid Industry,”
Khimstroy %o 7 (1932).

4 tion Part
76, B. Mel'mik, "Pasic ¥actors in the Intensifioation of the Produs
12* of e Tower Bystem,” J. Chem.Ind, (Noscow) 13, 5%9 (1936).

B, Lyspustine, “Iaprovements in Fuwruanes for Bwning Powlered Material,*
1954,17, No h-5, 60 (1940).

. M. Vtorov, "The Stability of Iead in the Tower System ad Its Rophcmt
™ " by Other 'btorith:,' 1514, 16, o &, 13 (1939); 15, ¥o 5, 8 {1938;.

79. B. Yashmanov, "Lead-less Towor Systems,” ibid, 1k (1937).

80. K. Nalin, G, Boreskor, I. Peysathov, et &1, “Productiom of Sulfuric Acid \']\ ) » f }0
* amd Sulfur,® 1941,

81. ¥, Malin and N. Ytorov, "Produstion of Stromg Sulfurlc Acid by the Tower
) Mothod,” 1943,

82, A. Molin, ""he Comdsnsaticm of Sulfwic Acid," J. Chem.Jv4, (CBSR) 17, Wo
T 10, 1k (lskq).

-3 -

SERRET

Sanitized Copy Approved for Release 2011/06/28 : CIA-RP80-0009A00600221 104-1



h I : ' : %

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1

SECRET 50X1-HUM

1. Adaduwror, "Chrome-Tin Catalysts for the Oxidation of Carbon Dicxide
CGas, " ibig, VIIT (1935); 1X {1936). '

G. Borsskor and V. Illarionoy, "Kivetics of the Interactiom between Dry
" Bulfwr Dioxide and Witrogen Dioxide,” J. Phy, Chem, (USSR) 1k, 1428 (19%0).

; O.meor and M, Slin'ko, “Galowlation for a Tabular Contact Apparatus
for the Oxidation of Sulfur Dloxide,” J. Chem.Iud, (Moscow) 13, 221, 287 (1936).
, G Baveskov and V. Pligunor, "Hechaniem of the Orxidation of Sulfur Dicxide
.;gu(;; mpmo of Aotivated Vamsdium Catalysts,” J. Applied Chem,(USSR) 13,
A2 P )

.G+ Bareskor ani T. Sokolovs, "Fhe Optimme Comcentration of Sulfur Dicxide
‘in-Contact Suifuric Acid Produstion,” J. Chem,Ind,(USSR) Ik, 12kl (1937).

/884 1. Paysaktiov and’ B. Chertkor, “The Purificsiion of Flue Geses from Bulfur
L Dloxide, ™ 144,17, He 10, 6 (19%0).

. %ﬁ;i"m' "Extractica of Xlsmentsl Sulfur from Exit Geses,” 1bid.No 7 KS?Z

oA Ty .“-ﬁﬁv’tveﬁ.\’}. -poreekov, “Froiuction of Suifur Trok Cansentrated g |
' Bytrogm iifide,” 1bie.o b (1), *D¥278
‘K. Ssbalin, “Tecknionl Besomstruction of the Sulfuric Aeid snd Sulfur '
Induatry in-the Seoomd Five-Yoar Plan. XIII, Use of Flotatiom Tailipgs for
the Produstion of Sulfur and Sulfur Dicxide," ONTI 193k,

P, Luk'yamov, "The Produotion of Salfurtoc Acid by the Methol of Wet Catalysis,”
J. Chem,Ind, (VeSR) 1h, 1236 (1937). ’ of Catalmis,

B, hputto and A, Spviossy, "The Oxidation of Sulfur Dioxide by Nitrosyl-
;-nmo Acid in the Liguid Phase," J. Chem,Ind, (Moscow) 1933, No 9, 28.

-RED -

) — ' . , .
Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600221104-1




